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This  report  documents  the  development  of  a  seawater  hydraulic 
Multi-Function  Tool  System  (MFTS).  The  objective  of  the  MFTS  develop¬ 
ment  was  to  demonstrate  a  seawater-powered  tool  system  to  provide 
improved  capability  for  Underwater  Construction  Team  (UCT)  divers.  The 
UCTs  are  a  highly  specialized  component  of  the  Naval  Construction  Force 
(NCF).  The  UCT  mission  is  to  construct,  inspect,  maintain,  and  repair 
fixed  ocean  facilities  in  support  of  Navy  and  Marine  Corps  operations. 

Tools  for  the  MFTS  were  selected  based  on  discussions  with  UCT  per¬ 
sonnel,  analysis  of  past  deployments,  and  UCT  experience  with  using  oil 
hydraulic  tool  systems  (Ref  1).  The  tools  selected  for  development  were 
a  rotary  disk  tool,  a  rotary  impact  tool,  a  bandsaw,  and  i  rock  drill. 
The  tools,  powered  by  a  3.5-horsepower  seawater  hydraulic  motor,  were 
optimized  for  both  the  diver  and  the  environment.  The  rock  drill  did 
not  complete  the  development  cycle  and  therefore  is  not  included  in  the 
system. 

Basic  to  the  development  of  the  MFTS  system  was  the  satisfaction  of 
logistics  and  reliability  requirements.  Because  the  UCTs  are  highly 
mobile,  the  MFTS  is  designed  to  be  transported  by  aircraft,  truck,  or 
ship.  The  system  was  designed  and  tested  to  have  a  minimum  reliability* 
of  0.80.  Each  tool  was  designed  so  that  it  can  be  repaired  in  a  minimum 
time.  Tool  maintenance  at  the  end  of  the  day  is  satisfied  by  a  fresh¬ 
water  rinse.  Each  MFTS  package  includes  spare  parts  for  one  operational 
season  and  a  complete  Operation  and  Maintenance  Manual. 

The  MFTS  is  intended  to  replace  the  existing  oil  hydraulic  tool 
system  currently  in  use  by  the  UCTs.  While  oil  hydraulic  tool  systems 
have  extended  the  capability  of  the  UCT  diver  to  do  useful  undei^water 
work,  there  are  disadvantages  to  their  use  (Ref  2).  Oil  leaks  from  the 
system  can  cause  environmental  contamination,  pose  a  fire  hazard,  or 
threaten  personal  safety.  Seawater  leaks  into  the  system  can  destroy 
system  components,  resulting  in  excessive  maintenance  and  down  time.  In 
addition,  the  unwieldy  dual  transmission  hoses  burden  the  diver, 
particularly  in  a  current  or  surge. 

Since  1976,  NCEL  has  been  developing  a  hydraulic  tool  system  that 
uses  seawater  instead  of  oil  as  the  power  transmission  fluid  (Ref  2,  3, 
4).  The  open  loop  seawater  hydraulic  system  provides  the  diver  with 
easy  to  handle,  single  hose  tools  that  are  compatible  with  their  envi¬ 
ronment.  The  system  has  all  the  benefits  of  oil  hydraulic  systems,  and 
yet  it  does  not  present  a  health  or  fire  hazard. 


— t /MTRP 

*ReHability  is  calculated  from  the  formula  R  =  e  ,  based  on  a 

required  mission  time,  t  (daily  operational  time),  of  8  hours  and  a 
mean  time  between  failure  (MTBF)  of  not  less  than  36  hours. 
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While  seawater  is  an  attractive  alternative  to  oil  from  an  appli¬ 
cation  point  of  view,  it  provided  many  challenges  in  mechanical  design. 
Aside  from  promoting  corrosion  in  metals,  seawater's  low  viscosity 
offers  minimal  lubrication  and  high  leakage  rates  compared  to  oils. 
These  factors  complicate  hydraulic  machinery  design  by  limiting 
materials  selection  to  those  satisfying  corrosion  and  lubrication  cri¬ 
teria.  In  addition,  close  tolerance  machining  was  necessary  to  maintain 
reasonable  operating  efficiencies. 

The  MFTS  development  described  herein  includes:  design,  fabrica¬ 
tion,  test,  and  UCT  evaluation  of  a  prototype  system.  The  test  program 
was  conducted  in  three  phases:  (1)  operability,  safety,  and  human  fac¬ 
tors  tests,  (2)  reliability,  maintainability,  and  availability  tests, 
and  (3)  logistic  supportabi 1 i ty  analysis.  Minor  design  changes  were 
made  during  testing,  where  appropriate,  to  effect  improvements  and  cor¬ 
rect  failures.  These  improvements  are  discussed  in  this  report  as  they 
occurred  during  each  phase. 

The  comments  received  following  the  UCT  evaluation  and  the  recom¬ 
mendations  generated  during  the  laboratory  test  phases  were  combined,  as 
appropriate,  into  design  changes  for  the  production  models. 

Chapters  2,  3,  4,  and  5  of  this  report  discuss  in  detail  the  com¬ 
plete  development  process  for  the  power  source  and  each  tool.  The 
chapters  begin  with  a  description  of  the  prototype  and  the  design 
requirements.  This  is  followed  by  a  discussion  of  the  test  results  for 
each  of  the  laboratory  test  phases,  and  then  a  summary  of  the  signifi¬ 
cant  findings.  This  report  does  not  include  discussions  of  the  field 
tests  conducted  by  the  UCTs.  Each  chapter  concludes  with  a  final  des¬ 
cription  of  the  production  model  component. 
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CHAPTER  2.  SEAWATER  HYDRAULIC  POWER  SOURCE 


The  design  requirements  for  the  MFTS  seawater  hydraulic  power 
source  are  given  in  Table  1. 


Table  1.  Power  Source  Design  Requirements 


Item 

Design 
Requi rement 
Threshold 

Suction  lift 

50  ft 

Pressure 

2,000  psi 

Flowrate^ 

14  gpm 

Weight  with  hose 

<3,000  lb 

Operate  two  tools  simultaneously 

Yes 

Temperature 

-1  to  +40  °C 

Reliabi 1 i ty 

0.98 

MTBF 

369  hr 

Mean  Time  To  Repair  (MTTR) 

4  hr 

Avai labi 1 i ty 

0.80 

Maintenance 

Dai  ly 

0.  5  hr 

End  of  project 

1  hr 

Annua  1 ly 

4  hr 

^Able  to  power  two  tools  simultaneously. 


COMPONENT  DESCRIPTION 

The  prototype  seawater  hydraulic  power  source,  Figure  1,  uses  a 
30-horsepower  diesel  engine  to  drive  a  high-pressure  seawater  pump.  The 
diesel  engine  also  powers  a  small  oil  hydraulic  system  to  drive  a  cen¬ 
trifugal  low-pressure  seawater  pump.  A  flow  controller  on  the  oil 
hydraulic  system  is  used  to  regulate  the  speed  of  the  centrifugal  pump. 

The  centrifugal  pump  supplies  200  psi  water  to  a  jet  eductor  pump 
suspended  in  the  ocean.  The  jet  eductor  pump  returns  a  larger  volume  of 
water  to  fill  the  50-gallon  reservoir.  The  seawater  output  from  the  jet 
eductor  pump  is  passed  through  a  10-micron  basket  filter  before  filling 
the  seawater  reservoir.  From  the  reservoir,  filtered  seawater  is  grav¬ 
ity  fed  to  the  high-pressure  pump  and  distributed  to  the  tools  through 
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OIL  HYDRAULIC  DRIVE  MOTOR 


250  feet  of  1/2-inch-cliameter  hose.  One  hose  reel  is  attached  to  the 
power  unit.  A  second  hose  reel  is  separate  from  the  main  power  unit. 
The  hydraulic  circuit  diagram  is  shown  in  Figure  2. 

The  power  source  instrumentation  and  control  panel  includes  a 
system  pressure  relief  valve,  a  tool  pressure  relief  valve,  a  pressure 
compensated  flow  controller,  a  flowmeter,  pressure  gauges,  and  a  filter 
differential  pressure  gauge.  The  instrumentation  for  the  diesel  engine, 
also  located  on  this  control  panel,  includes  a  tachometer,  oil  pressure 
gauge,  ammeter,  and  start  button. 


TEST  AND  EVALUATION 

The  laboratory  tests  and  evaluation  of  the  seawater  power  source 
were  conducted  at  the  Ocean  Systems  Test  Facility  by  NCEL  personnel. 
Laboratory  data  collected  during  the  following  t<;sts  are  available  from 
Reference  5. 

Operability,  Safety,  and  Human  Factors  Tests 

High-Pressure  Pump  Performance  Test.  This  test  was  performed  to 
determine  the  flowrate  of  the  high-pressure  pump  at  various  diesel 
engine  speeds  and  pump  discharge  pressures.  The  data  were  obtained  from 
reading  the  system  gages  and  plotted  as  the  performance  curves  in  Figure 
3,  with  flow  as  a  function  of  engine  speed  and  pump  discharge  pressure. 

The  output  flowrate  of  the  pump  increased  linearly  vith  an  increase 
in  diesel  engine  speed,  decreasing  slightly  with  an  increase  in  pres¬ 
sure.  The  maximum  flowrate  of  the  pump  was  found  to  be  16  gpm  at  500 
psi  at  an  engine  speed  of  2,600  rpm.  The  diesel  engine  speeds  required 
to  operate  one  tool  (7  gpm)  or  two  tools  simultaneously  (14  gpm)  were 
1,100  rpm  and  2,400  rpm,  respectively.  At  14  gpm  and  2,000  psi,  the 
diesel  was  operating  near  maximum  design  horsepower  with  little  reserve 
capacity  aval lable. 

Lift  Capability  of  the  Jet  Eductor  Pump.  This  test  was  performed 
to  determine  the  lift  capability  of  the  jet  eductor  pump  system  as  a 
function  of  engine  rpm  and  output  head.  The  flow  control  valve 
controlling  the  speed  of  the  centrifugal  pump  was  set  fully  open  so  that 
the  f.owrate  to  the  jet  eductor  pump  was  maximum  at  selected  engine 
speeds.  The  discharge  head  of  the  jet  eductor  pump  was  adjusted  using  a 
restrictor  valve  while  the  flowrate  of  the  eductor  pump  was  measured 
using  an  in-line  flowmeter. 

Although  the  design  requirement  is  to  lift  water  to  a  50-foot 
height,  the  jet  eductor  pump  was  tested  at  an  equivalent  head  of  55  feet 
to  account  for  line  losses.  The  resulting  data,  plotted  in  Figure  4, 
show  the  net  flow  output  of  the  jet  eductor  pump  as  a  function  of  pump 
head  and  diesel  engine  speed.  From  the  data  obtained,  the  engine  speeds 
required  for  the  jet  eductor  pump  to  lift  7  gpm  and  14  gpm  against  a 
50-foot  head  were  determined. 

At  1,400  rpm  and  a  discharge  head  of  25  feet,  the  lift  capacity  of 
the  eductor  pump  was  12.5  gpm.  At  a  discharge  head  of  55  feet,  this  net 
flow  dropped  to  3.6  gpm. 
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Figure  3.  High-pressure  pump  performance. 


Figure  4.  Jet  eductor  pump  performance. 
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The  engine  rpm  required  for  the  jet  eductor  pump  to  lift  a  net  7 
gpm  against  a  55-foot  pump  head  was  about  1,600  rpm.  The  maximum  net 
flowrate  against  a  55-foot  discharge  head  was  11  gpm  at  diesel  speeds 
above  2,000  rpm. 

As  seen  in  Figure  4,  at  a  55-foot  lift,  the  jet  eductor  pump  was 
not  able  to  meet  the  design  requirements  even  at  a  maximum  engine  speed 
of  2,600  rpm. 

Filter  Load  Test.  This  test  was  performed  to  determine  the  re¬ 
quirements  for  cleaning  and  replacing  the  filter  elements.  This  test 
was  conducted  in  three  parts. 

In  the  first  part  of  the  test,  a  flow  restriction  valve,  placed  in 
line  between  the  jet  eductor  pump  and  the  10-micron  filters,  was  ad¬ 
justed  to  simulate  a  dirty  filter.  Pressure  gages  were  placed  on  either 
side  of  the  valve  to  measure  the  pressure  differential.  This  test  was 
conducted  at  engine  speeds  of  1,600  and  2,600  rpm.  It  was  found  that  a 
10-psi  differential  would  result  in  a  low  flowrate.  Therefore,  the 
filter  elements  should  be  changed  when  the  pressure  differential  reaches 
10  psi.  At  this  pressure  difference  across  the  filters,  the  flow 
through  the  filters  decreases  because  of  the  limitations  of  the  jet 
eductor  pump  to  overcome  the  increased  head. 

In  the  second  part  of  the  test,  a  new  clean  filter  was  compared  to 
a  used  clean  filter.  After  recording  the  pressure  drop  across  the  new 
filter,  it  was  partially  filled  with  silt  and  sand  until  the  pressure 
differential  across  the  filter  was  10  psi.  The  filter  element  was  then 
removed,  rinsed  out,  and  reinstalled.  The  power  unit  was  restarted  and 
the  pressure  differential  was  noted  and  compared  with  the  earlier  read¬ 
ing.  No  difference  in  pressure  drop  across  a  new  or  used  clean  filter 
was  noted.  It  was  found  that  dirty  filters  could  be  emptied,  rinsed 
clean,  and  reinstalled.  Extremely  dirty  filters  can  be  cleaned  in  a 
conventional  washing  machine. 

In  the  third  part  of  the  test,  a  filter  element  was  placed  in 
unfiltered  seawater  for  30  days  to  see  if  biological  fouling  would  clog 
the  filter.  This  filter  was  later  installed  and  the  filter  pressure 
differential  recorded.  After  the  30  days,  algae  was  present  but  did  not 
clog  the  filter  enough  to  cause  any  operational  problems.  It  is  not 
recommended  that  this  become  common  practice,  because  the  filter  element 
will  decay  faster  under  these  conditions.  Rather,  the  element  should  be 
flushed  with  fresh  water. 

Nol  se  level.  Noise  levels  of  the  power  source  were  measured  using 
an  integrated  sound  level  meter  on  an  "A"  weighted  scale  at  operating 
speeds  of  1,600  and  2,600  rpm.  The  noise  levels  were  plotted  as  a  func¬ 
tion  of  the  distance  from  the  power  unit,  and  are  shown  in  Figure  5. 
Occupational  Safety  and  Health  Administration  (OSHA)  noise  limitations 
are  also  shown  in  Figure  5. 

The  noise  level  ranged  from  a  minimum  of  75  dB(A)  at  40  feet  from 
the  power  unit  with  the  engine  running  at  1,600  rpm,  to  a  maximum  of  114 
dB(A)  at  1  foot  from  the  power  unit  with  the  engine  running  at  2,600 
rpm.  Background  noise  level  was  71  dB(A).  The  safe  allowable  exposure 
limits  can  be  determined  by  using  the  OSHA  table  in  Figure  5.  For  exam¬ 
ple,  for  individuals  working  within  5  feet  of  the  power  unit,  the  noise 
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Distance  From  the  Power  Unit  (ft) 


Figure  5.  Power  unit  noise  output. 


level  is  100  dB(A)  at  1,600  rpm  and  105  dB(A)  at  2,600  rpm.  The  OSHA 
table  shows  the  length  of  time  allowed  without  ear  protection  is  2  hours 
at  100  dB(A)  and  1  hour  at  105  dB(A).  It  is  recommended  that  hearing 
protection  be  used  at  all  times  when  working  in  close  proximity  to  the 
power  unit. 

Human  Factor  Evaluation.  During  testing,  power  source  features 
pertaining  to  human  factors  were  evaluated  for  ease  of  operation.  In 
general,  the  unit  was  easy  to  operate,  and  maintenance  items  were 
accessible.  An  observed  deficiency  was  the  inadequate  labeling  of 
vclvGS  and  engine  controls.  This  made  operation  of  the  power  source 
difficult  for  an  untrained  operator.  A  second  deficiency  WuS  that  the 
system  hydraulic  controls  and  the  tool  hydraulic  controls  were  located 
in  a  noisy  environment.  Placement  of  the  tool  hydraulic  controls  could 
be  located  separate  from  the  system  controls.  As  an  example,  a  hose 
reel  and  the  tool  hydraulic  controls  could  be  positioned  at  a  distance 
from  the  main  power  unit.  This  would  allow  tool  adjustments  during 
operation  in  a  quieter  environment.  System  hydraulic  controls  would 
remain  at  the  power  source. 

Reliability,  Maintainability,  and  Availability  Analysis 

The  results  of  the  individual  tests  conducted  in  this  evaluation 
are  described  below.  The  reliability  was  demonstrated  to  0.98  at  a  90 
percent  confidence  level  at  the  completion  of  the  endurance  test. 
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Endurance  Test.  The  power  source  was  operated  at  1,600  rpm  with  a 
flowrate  of  10  gpm  for  750  hours  and  2.5  gpm  for  161  hours,  for  a  total 
of  911  hours  of  testing.  Pressure  at  the  tool  was  maintained  at  650 
psi.  The  test  was  conducted  during  normal  working  hours  and  shut  down 
at  night.  All  system  repairs  and  maintenance  actions  were  recorded  in 
the  test  log. 

Table  2  summarizes  the  repairs  that  were  required  during  testing. 
None  of  the  items  required  longer  than  1/2  hour  to  repair.  With  the 
power  source  completing  911  hours  of  testing  without  a  chargeable  fail¬ 
ure  as  defined  by  the  failure  criteria,  the  point  estimate  of  the  power 
source  reliability  is  0.98  at  a  90  percent  confidence  level.  The  Mean 
Time  To  Repair  (MTTR)  is  estimated  to  be  0.4  hours.  The  Mean  Time 
Between  Failure  (MTBF)  for  a  mission  of  8  hours  can  bo  calculated  using 
exponential  distribution  to  be  369  hours  at  the  lower  limit  of  the  90 
percent  confidence  interval.  Using  this  MTBF  of  369  hours  and  a  MTTR  of 
0.4  hours,  the  inherent  availability  (A.)  is  0.998.  This  is  substan¬ 
tially  greater  than  the  0.80  design  requiVement. 


Table 

2.  Power  Source 

Failures  During 

Testi ng 

Test 

T  ime 
(hr) 

Failed  Item 

Cause  of  Failure 

Redesign 

Action 

Type  of  Failure 
(MIL-STD-7891C) 

Repai r 
T  ime 
(hr) 

30 

Ori' e  belt 

Improperly 
instal 1 ed 

None 

Nonrelevant 

0.30 

300 

Oil  hydraulic 
motor 

Defective 

None 

Nonrelevant 

0.50 

310 

Tachometer 

Corroded 
termi nal s 

None 

Nonrelevant 

0.30 

350 

Relief  valve 

Worn  seat 

Installed 

accumulator 

Nonrelevant 

0.30 

675 

Reservoir 

leaking 

Vibrations 
fatigued  welded 
seams 

Strong 

welds 

Nonrelevant 

0.50 

800 

Internal 

components 

Used  beyond 
service  life  of 

None 

Nonrelevant 

0.50 

Harben  pump 


Inproper  Maintenance  Test.  This  test  was  performed  concurrently 
with  the  endurance  test.  The  power  unit  was  used  without  rinsing  it  off 
or  flushing  the  seawater  out  of  the  system  for  30  days.  The  oil  levels 
were  checked  regularly.  The  amount  of  corrosion,  hose  decay,  and  salt 
crystals  was  recorded  at  the  end  of  the  30  days. 
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Corrosion  developed  at  the  electrical  connections  and  wires  leading 
to  the  alternator  and  the  electrical  gauges  and  switches.  They  were 
replaced  or  cleaned  as  described  in  the  life  test  results.  Salt  crystal 
growth  appeared  all  over  the  unit,  especially  on  the  water  system  com¬ 
ponents.  However,  this  did  not  cause  any  operational  problems.  The 
only  other  component  impacted  by  improper  maintenance  was  the  high- 
pressure  pump.  The  lubricating  oil  became  a  milky  color  due  to  con¬ 
tamination  with  seawater.  The  wear  in  the  rubber  compression  tubes  may 
have  allowed  the  seawater  to  seep  by.  This  problem  will  be  eliminated 
if  the  maintenance  schedule  for  replacing  the  high-pressure  pump  tubes 
and  oil  is  followed.  Following  this  test  the  power  unit  was  cleaned  and 
rinsed  thoroughly.  Some  crevice  corrosion  and  surface  corrosion  was 
present  on  all  the  power  unit  components.  However,  this  did  not  ad¬ 
versely  affect  performance  during  further  testing. 

Required  Maintenance.  Maintenance  was  performed  for  each  component 
of  the  power  source  according  to  manufacturer's  recommendations.  The 
engine  oil  and  filter  were  changed  at  100  hours  and  every  250  hours 
thereafter.  Engine  valves  were  adjusted  on  the  same  schedule.  The  hy¬ 
draulic  oil  filter  and  the  fuel  filter  were  changed  every  250  hours. 
The  power  source  must  be  rinsed  and  flushed  with  fresh  water  at  the  end 
of  the  day.  Other  important  maintenance  is  summarized  in  the  maintr 
nance  schedule  shown  in  Table  3. 

Logistic  Supportabi 1 1 ty  Analysis 

The  MFTS  seawater  power  source  will  be  delivered  to  the  user  with 
an  operation  and  maintenance  kit.  Some  parts  will  be  in  the  form  of 
maintenance  kits.  The  remainder  will  be  used  as  replacements  in  case  of 
premature  failure  of  a  component.  The  items  in  the  operation  and  main¬ 
tenance  kits  are  recommended  based  on  the  results  of  the  testing  that 
has  been  completed  to  date.  Regular  maintenance  parts  for  the  power 
source  such  as  drive  belts  and  replacement  filter  elements  will  be 
included.  No  special  tools  are  required  to  perform  any  of  the  main¬ 
tenance  outlined  in  the  Operation  and  Maintenance  Manual. 

All  spare  parts  will  be  transportable  in  a  permanent  storage  case. 
There  are  no  special  prerequisites  for  shipping  the  power  source  other 
than  the  usual  requirement  to  drain  the  fuel  and  battery  electrolyte. 
All  training  required  to  operate  the  power  source  is  covered  in  the 
Operation  and  Maintenance  Manual. 


FINDINGS 

The  following  findings  are  based  on  the  results  of  the  development 
tests: 

1.  The  prototype  power  source  met  or  exceeded  the  design 
requirements  except  for  flowrate  at  maximum  suction  lift.  The  jet 
eductor  pump  limited  system  performance  as  it  was  only  able  to  lift 
11.2  gpm  at  50  feet  compared  to  the  required  14  gpm.  In  the  present 
configuration  with  a  14-gpm  demand,  a  full  reservoir  will  drain  in  7 
minutes. 
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Table  3. 

Scheduled 

Maintenance  Requirements 

Action 

Daily® 

125  Hours®  250  Hours®  1,000  Hours® 

Diesel  Engine 

Fuel  supply 

C 

Lube  oil  level 

C 

Air  cleaner 

C 

Oil  and  fuel  leaks 

C 

Battery  level 

Engine  oil  and  filter 

C 

R 

Belt  tension 

C 

Fuel  filter 

R 

Engine  valves  adjustment 

C 

Condition  of  belts 
Condition  of  electrical 

C 

C 

terminal s 

Action 

Daily® 

Weekly  500  Hours®  1,000  Hours® 

High-Pressure  Pump 

Crankcase  oil 

C 

R 

Inlet  valves 

R 

D1 aphragms 

R 

Fittings/hoses/pipes 

C 

Low-Pressure  Pump 

Gear  case  oil 

C 

R 

Filter  Elements 

C 

RM/CL 

Low-Pressure  Pump 

Hoses  and  fittings 

Gear  oil  case 

C 

C 

Overal 1  Power  Unit 

Exterior  of  power  unit 
Seawater  hydraulic  system 

CL 

CL 

(flush) 

*Note:  C  =  Check,  CL  =  Clean  with  freshwater,  R  =  Replace, 
RM  =  Remove. 
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2.  The  high-pressure  pump  provides  14  gpm  at  2,000  psi  with  an 
engine  speed  of  2,400  rpm. 

3.  The  filtration  system  should  be  serviced  when  the  differential 
pressure  exceeds  10  psi.  The  filter  elements  can  be  cleaned  and  reused. 

4.  The  maximum  noise  level  of  the  power  source  was  114  dB(A)  at  an 
engine  speed  of  2,600  rpm  and  1  foot  from  the  power  unit.  This  exposure 
level  can  be  tolerated  for  17  minutes  without  hearing  protection  with  no 
permanent  hearing  loss,  according  to  OSHA  standards. 

5.  The  high-pressure  pump  develops  pressure  spikes  that  result  in 
rapid  wear  in  the  pressure  relief  valves.  When  an  accumulator  was 
installed,  the  wear  of  the  valve  seat  was  reduced. 

6.  Many  of  the  electrical  connections  corroded  very  rapidly  when 
exposed  to  the  salt  air  environment. 


PRODUCTION  MODEL 

The  prototype  power  source  underwent  extensive  modifications  to 
achieve  the  required  14-gpm  flowrate  at  the  maximum  suction  lift  of  50 
feet.  The  following  section  describes  the  nature  of  these  changes  and 
other  improvements  to  the  production  power  source  (Figure  6).  The 
assembly  drawings  are  provided  in  Appendix  A. 

The  jet  eductor  low-pressure  pump  system  was  replaced  with  an  air 
compressor  and  a  pneumatic  diaphragm  pump.  The  diaphragm  pump  can  lift 
seawater  50  feet  at  the  required  14  gpm.  A  particular  advantage  of  the 
diaphragm  pump  is  that  it  does  not  require  priming.  This  makes  the 
system  easier  to  operate.  In  addition,  a  pneumatic  tool  can  also  be 
used  off  the  air  compressor  for  topside  operations.  A  system  flow 
schematic  is  shown  in  Figure  7. 

The  production  power  sou”ce  uses  a  41-horsepower  air-cooled  diesel 
engine  to  drive  the  high-pressure  pump  and  air  compressor.  The  larger 
horsepower  engine  enables  operation  at  a  fixed  speed  regardless  of  sys¬ 
tem  demand.  This  means  that  fewer  adjustments  are  required  from  the 
operator. 

An  improvement  to  handling  and  operation  was  achieved  by  modulariz¬ 
ing  the  hose  reels.  The  modular  hose  reel  (Figure  8)  consists  of  a  hose 
reel  containing  250  feet  of  1/2-inch  hose  and  a  control  panel.  The  con¬ 
trol  panel  has  a  pressure  gauge,  pressure  regulator,  bypass  valve,  flow¬ 
meter,  and  flowrate  controller  to  distribute  high-pressure  seawater  from 
the  power  source  to  a  tool.  A  25-foot  umbilical  hose  is  used  to  connect 
the  portable  hose  reel  to  the  power  source. 

Because  size  and  weight  are  critical  elements  for  equipment  used  by 
the  highly  mobile  UCTs,  the  power  source  size  was  reduced  by  careful 
packaging  of  the  components.  This  resulted  in  a  small  overall  weight 
reduction,  even  with  the  larger  horsepower  engine.  The  production  power 
source  weighs  under  2,000  pounds  and  each  of  two  hose  reels  weighs  250 
pounds. 
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Figure  6.  Production  power  source. 
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gure  7.  Flow  diagram  for  production  power  source. 


CHAPTER  3.  SEAWATER  HYDRAULIC  ROTARY  DISK  TOOL 


The  design  requirements  for  the  MFTS  rotary  disk  tool  are  summa¬ 
rized  in  Table  4.  The  ROT  can  be  used  as  a  grinder  or  as  a  cutoff  tool. 
As  an  example,  the  tool  cuts  l-inch  rebar,  SD  List  1  coaxial  cable, 
1-1/4-inch  synthetic  line,  5/8-inch  bolts,  and  1-inch  wire  rope. 


Table  4.  Rotary  Disk  Tool  Requirements 


Item 

Air  weight 

Forward  rotation  only 
Able  to  cut 


Interchangeable  arbor  for 
abrasive  saw,  grinding  wheel, 
and  cleaning  brush 
Operating  depth 
Temperature 
Rel iabi 1 ity 
MTBF 
MTTR 

Avai labi 1 i ty 
Maintenance 
Daily 

End  of  project 
Annual ly 


Design  Requirement  Thresholds 


<15  lb 

4,500  surface  ft/mi n 
Rebar 

5/8-in.  bolts 
Wire  rope 
Synthetic  line 
Yes 


190  ft 

-1  to  +40  "C 
0.90 
76  hr 
4  hr 
0.80 

0.5  hr 
1  hr 
4  hr 


COMPONENT  DESCRIPTION 

The  rotary  disk  tool  (RDT),  Figure  9,  is  unique  in  its  construction 
since  the  majority  of  the  tool  is  fabricated  from  an  acetal  resin.  This 
tough  resin  is  not  only  used  for  the  body  of  the  tool,  but  it  is  also 
used  for  the  right  angle  gear  set  and  bearings.  The  resin  is  resistant 
to  prolonged  exposure  to  seawater  and  it  is  lighter  in  weight  compared 
to  metals.  The  tool  functions  as  follows: 

1.  The  seawater  enters  at  the  base  of  the  handle  through  the 
trigger  poppet  valve  to  the  3-horsepower  seawater  hydraulic  vane  motor. 
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Seawater  hydraulic  rotary  disk  tool. 


2.  The  water  is  exhausted  through  the  seawater  motor  into  the 
1:1.4  right  angle  gear  box  where  it  acts  as  the  lubricating  fluid  for 
the  gear,  pinion,  and  bearings. 

3.  It  is  then  exhausted  as  a  fan  spray  directed  onto  the  back  of 
the  abrasive  disk.  This  exhaust  water  serves  to  reduce  the  drag  of  the 
disk  and  to  flush  loose  material  away  from  the  work  surface. 

4.  A  disk  guard  protects  the  diver  from  possible  injury. 

5.  An  auxiliary  handle  can  be  positioned  in  one  of  four  threaded 
ports  in  the  gear  box  to  facilitate  tool  handling  for  both  left-  and 
right-handed  divers. 


TEST  AND  EVALUATION 

The  laboratory  tests  and  evaluation  of  the  seawater  rotary  disk 
tool  were  conducted  at  Naval  Coastal  Systems  Center  (NCSC),  Panama  City, 
Florida  and  at  NCEL.  Two  rotary  disk  tools  permitted  testing  simultane¬ 
ously  at  both  locations.  NCSC  conducted  continuous  load  tests,  while 
NCEL  conducted  cyclic  testing,  human  factors  evaluation,  operational 
testing,  and  reliability  and  maintainability  analyses.  The  laboratory 
data  recorded  during  these  test  is  available  in  Reference  6. 

Operability,  Safety,  and  Human  Factors  Tests 

Results  of  the  individual  tests  conducted  in  this  evaluation  are 
given  below.  The  prototype  seawater  hydraulic  RDT  met  all  the  design 
requirements  as  listed  in  Table  4.  The  ROT  performance  was  satisfactory 
and  no  safety  problems  were  observed. 

Initial  Operating  Characteristics.  The  performance  of  the  RDT  was 
measured  with  the  tool  installed  on  a  Multi-Purpose  Test  Apparatus 
(MPTA),  Figure  10.  The  MPTA  provided  for  submerged  measurements  of 
torque  and  speed.  Figure  11  is  a  plot  of  shaft  torque  versus  speed  for 
lines  of  constant  flow  and  constant  pressure. 

During  preliminary  testing,  the  poppet  valve  failed  to  operate  when 
the  trigger  was  depressed.  An  investigation  determined  that  the  poppet 
valve  would  not  completely  open  because  of  a  buildup  of  pressure  behind 
the  plunger  from  leakage  flow.  A  small  hole,  drilled  in  the  valve  cap, 
relieved  the  plunger  chamber  and  allowed  full  plunger  movement.  How¬ 
ever,  with  this  modification,  the  RDT  would  not  completely  shut  off  when 
the  trigger  was  released.  Examination  determined  that  the  poppet  valve 
was  unbalanced  in  the  open  position.  The  poppet  valve  was  balanced  by 
increasing  the  area  under  the  valve  cap.  There  were  no  further  problems 
with  operation  of  the  poppet  valve. 

Nol  se  Level.  The  RDT  is  barely  audible  while  underwater  and  does 
not  present  a  hearing  loss  hazard  to  the  diver. 
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Figure  11.  Rotary  disk,  tool:  initial  performance. 


Cutting  Tests.  The  ROT  was  used  to  cut  SO  List  1  coaxial  cable, 
1-1/4-inch  synthetic  line,  1-inch  rebar,  1-inch  wire  rope,  and  5/8-inch 
steel  bolts.  It  was  also  used  for  grinding  operations  on  steel  plate 
and  5/8-inch  bolts.  To  simulate  work  tasks,  the  material  was  positioned 
booh  horizontally  and  vertically.  Table  5  shows  representative  under¬ 
water  cutting  times.  Grinding  operations  were  observed  for  technique. 

The  diver  was  able  to  quickly  cut  through  all  test  materials  using 
the  ROT.  Cutting  times  in  the  vertical  position  were  slightly  faster 
than  i,n  the  horizontal  position.  The  decrease  in  time  required  for 
vertical  cuts  is  attributable  to  the  awkwardness  of  using  the  tool  on 
its  side  when  cutting  horizontal  material. 

Human  Factors  Evaluation.  The  RDT  was  evaluated  by  three  divers 
for  handling,  ease  of  use,  safety,  and  other  human  factors  considera¬ 
tions.  Interview  forms  recording  diver  comments  ate  provided  in  Appen¬ 
dix  B.  The  results  are  summarized  below: 

1.  The  trigger  was  too  long  causing  the  diver  to  release  the  tool 
handle  when  releasing  the  trigger. 

2.  The  auxiliary  handle  was  awkward  to  use  in  the  available  tool 
head  locations  when  making  cuts  on  horizontal  material. 

3.  The  location  of  the  exhaust  water  around  the  output  shaft  was 
beneficial  for  clearing  debris  away  from  the  work  area. 
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4.  The  disk  guard  did  not  extend  out  far  enough  to  cover  the 
di  sk. 

5.  A  quick-change  disk  would  improve  the  diver's  ability  to 
change  disks  while  wearing  gloves.  It  also  would  not  require 
tool s. 

Valve  Leakage  Test.  A  leakage  test  was  performed  to  determine  the 
rate  of  water  passing  through  the  closed  valve  to  the  motor.  This  test 
was  conducted  to  assure  that  water  was  wetting  the  motor  side  plates 
before  motor  startup  to  reduce  friction  that  might  damage  the  motor  side 
plates.  The  leakage  past  the  valve,  approximately  0.07  gpm,  was  deter¬ 
mined  to  be  adequate. 


Table  5.  Cutting  Tests  Results 
[Note:  Flow  set  at  7  gpm  for  all  tests.] 


Material 

Cutting  Time 

Material 

Ori entati on 

(sec) 

SO  List  1  coaxial  cable, 

Hori zontal 

180 

1-1/4-inch  diameter 

Hori zontal 

116 

Hori zontal 

109 

l-inch  rebar 

Vertical 

159 

Verti cal 

293 

Hori zontal 

346® 

Hori zontal 

393 

Hori zontal 

218 

1-inch  wire  rope 

Vertical 

81 

Verti cal 

171 

Vertical 

85 

Hori zontal 

96 

Hori zontal 

185 

Horizontal 

133 

1/8-  X  2-irich  steel  plate 

Hori zontal 

48® 

(cut  and  grind) 

Horizontal 

115 

Hori zontal 

71 

5/8-inch  bolt 

Hori zontal 

104 

(cut  and  grind) 

^Partial  cut;  remaining  uncut  material  was  broken 
off  by  hand. 
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Reliability,  Maintainability,  and  Availability  Analysis 

The  results  of  the  individual  tests  conducted  in  this  evaluation 
are  summarized  below.  Part  of  this  testing  was  conducted  at  NCSC. 

Endurance  Testing.  The  endurance  testing  was  conducted  in  two 
phases.  NCSC  performed  continuous  load  testing  to  evaluate  the  strength 
of  the  gear  head  assembly.  NCEL  performed  cyclic  load  testing  to  deter¬ 
mine  the  durability  of  the  handle  and  valve  subject  to  repetitive  use. 
To  meet  a  reliability  threshold  of  0.90  and  76  hours  mean  time  between 
failure,  the  rotary  disk  tool  was  required  to  operate  174  hours  (Ref  7). 
The  operating  cycle  for  this  tool  was  6  minutes  on,  2  minutes  off,  for  a 
total  "on"  time  of  130  hours.  The  reliability  criteria  specified  that  a 
failure  requiring  less  than  30  minutes  to  repair  is  not  considered  a 
failure  chargeable  against  the  reliability  threshold. 

Continuous  Load.  The  objective  of  this  test  was  to  determine  the 
wear  properties  of  the  gear  assembly  subject  to  uneven,  continuous  disk 
loads.  The  test  apparatus.  Figure  12,  rigidly  supported  the  RDT  during 
testing.  Instrumentation  recorded  time,  flow,  speed,  temperature,  and 
pressure.  Measurements  of  the  critical  gear  dimensions  were  recorded 
throughout  the  test  at  10-hour  intervals.  The  RDT  was  loaded  to  80  per¬ 
cent  of  the  rated  motor  output  using  a  1-inch-diameter  rod  of  acetal 
resin  weighted  with  10  pounds  of  lead  shot  and  placed  in  contact  with 
the  outer  edge  of  the  simulated  grinding  disk. 

Early  results  showed  rapid  wear  at  the  output  shaft  bearing  in  the 
area  between  the  pinion  and  the  thrust  collar  (Figure  13).  The  shaft 
bearing,  thrust  bearing,  and  pinion  gear  were  designed  as  an  integral 
unit.  Investigation  revealed  that  the  radial  bearing  surface  area  was 
inadequately  sized  to  handle  the  loads.  The  bearing  was  redesigned  as  a 
two-piece  unit  with  a  larger  surface  area  for  carrying  the  radial  shaft 
loads  (Figure  14). 

In  addition,  the  bearing  surface  between  the  pinion  and  the  thrust 
collar  was  not  receiving  adequate  lubrication.  The  lubrication  pressure 
was  increased  from  12  psi  to  50  psi  by  blocking  three  of  the  existing 
four  motor  exhaust  holes  in  the  gear  box.  This  provided  more  flow 
across  the  bearing  surfaces  by  forcing  exhaust  water  through  the  shaft 
lubrication  passages  to  the  bearing  surfaces. 

Inspection  of  the  redesigned  bearing  after  50  hours  of  testing 
revealed  a  significant  reduction  in  wear  at  all  bearing  surfaces. 

At  60  hours  of  testing,  there  was  evidence  that  the  input  shaft 
bearing  collar  had  seen  intermittent  rotation.  There  was  no  observable 
damage  as  a  result  of  this  part  rotating  and  therefore,  no  fix  was  re¬ 
quired.  This  piece  will  be  retained  to  prevent  rotation  in  the  final 
design. 

There  were  no  further  problems  encountered  and  the  RDT  completed 
the  130  hours  of  testing.  Once  the  initial  wear-in  of  the  gear  teeth 
had  occurred,  no  additional  wear  was  detected  in  the  tooth  meshing  area 
of  the  gears. 
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Figure  12.  Rotary  disk  tool  in  fixture  for  continuous  load  test. 


Cyclic  Testing.  For  the  cyclic  testing,  the  RDT  was  operated  sub¬ 
merged  in  fresh  water  mounted  on  the  MPTA.  The  cycle  time  was  6  minutes 
on,  2  minutes  off.  The  cycle  testing  was  performed  on  the  RDT  after  the 
output  shaft  bearing  and  the  trigger  valve  problems  had  been  corrected. 
The  test  criteria  required  1,305  "on'off"  cycles.  The  RDT  was  operated 
at  80  percent  of  the  maximum  load  and  the  test  was  completed  with  no 
problems. 

Table  6  summarizes  the  failures  encountered  during  endurance  test¬ 
ing.  The  RDT  completed  130  hours  of  the  continuous  load  test,  and  1,305 
cycles  of  the  cyclic  test  without  a  chargeable  failure  as  defined  by  the 
failure  criteria.  The  point  estimate  of  the  RDT  reliability  is  0.90  at 
a  90  percent  confidence  level.  The  MTTR  is  estimated  to  be  0.40  hours. 

The  MTBF  for  a  mission  of  8  hours  was  calculated  using  an  exponen¬ 
tial  distribution  to  be  76  hours  at  the  lower  limit  of  the  90  percent 
confidence  interval.  Using  this  MTBF  of  76  hours  and  an  MTTR  of  0.40 
hours,  the  Inherent  availability  (A^  calculates  to  be  0.995.  This  is 
substantially  greater  that  the  0.80  design  requirement. 
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riqure  13.  Failure  of  shaft  bearing. 


Figure  14.  Modified  shaft,  bearing  for  rotary  disk  tool. 


Table  6.  Tool  Failure  Summary 


Equivalent 
Test  Time 
(hr) 

Failed  Item 

Cause  of  Failure 

Redesign  Action 

Type  of 
Failure 

(MIL-STD-781C) 

Repair 

Time 

(hr) 

C 

Output  shaft 
radial 
beari ng 

Insufficient 
bearing  area 

Doubled  bearing 
length 

Nonre levant 

0.5 

5 

Output  shaft 
thrust 

Insufficient 

Lubrication 

Increase  lubri¬ 
cation  flow 

Nonrelevant 

0.3 

135 

Trigger  valve 
not  operating 
properly 

Unbalanced  valve 

Balance  valve 

Nonrelevant 

0.3 

Post-Life  Performance  Test.  With  the  endurance  test  complete,  the 
tool  performance  was  measured  to  check  for  any  degradation  in  perfor¬ 
mance.  This  test  was  conducted  in  the  same  manner  as  the  initial  per¬ 
formance  test  (Figure  10).  The  results,  displayed  in  Figure  15,  show  an 
insignificant  decrease  in  tool  performance  when  compared  to  the  earlier 
results  of  Figure  11.  It  should  be  noted  that  the  seawater  motor  at 
the  end  of  the  tests  had  only  operated  for  half  of  its  expected  life. 
It  is  designed  to  operate  for  250  hours  at  80  percent  of  the  rated  power 
of  3  horsepower. 

Following  testing,  the  RDT  was  disassembled  and  the  interior  compo¬ 
nents  examined.  One  of  the  screws  that  holds  the  thrust  collar  to  the 
housing  had  fallen  out  but  this  caused  no  serious  problem.  The  pinion 
gear  teeth  showed  minimal  wear.  There  was  minimal  wear  on  the  output 
shaft,  the  thrust  collar  bearing  surface,  and  on  the  gear  retainer 
shaft.  Wear  on  these  surfaces  Is  expected,  and  the  degree  of  wear  dur¬ 
ing  these  tests  was  found  to  be  of  no  concern.  The  tests  indicated  that 
the  materials  are  compatible  and  will  provide  reliable  performance  over 
tool  life. 

Improper  Storage  Test.  The  RDT  was  operated  with  seawater  and 
stored  without  flushing.  A  severe  storage  environment  was  simulated 
using  a  wooden  box  exposed  to  the  elements.  The  RDT  was  left  in  the  box 
for  33  days.  At  the  conclusion  of  the  test,  the  RDT  was  removed  and 
completely  disassembled.  Many  of  the  metal  components  showed  signs  of 
minor  corrosion,  mostly  in  the  cracks  and  joints  of  mating  pieces.  The 
acetal  resin  was  stained  in  places  where  it  contacted  rusty  metal.  The 
RDT  was  covered  with  a  salt  residue  but  no  hard  salt  crystals  had 
formed.  Some  crystals  had  begun  to  form  in  the  exhaust  ports  of  the 
thrust  collar  but  none  of  the  exhaust  ports  were  plugged.  There  was 
some  minor  crevice  corrosion  on  the  output  shaft.  The  plugs  inserted 
into  the  gear  box  were  also  corroded.  There  were  no  parts  that  required 
replacement. 
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Figure  15.  Rotary  disk  tool;  final  performance. 

Required  Maintenance.  The  maintenance  required  for  the  RDT  is 
minimal.  A  daily  fresh-water  flushing  is  all  that  is  required  after 
use.  Upon  returning  from  deployment,  the  RDT  0-rings  should  be  checked 
and  lubricated.  There  are  no  internal  parts  in  the  RDT  that  require 
replacing  before  the  end  of  its  useful  life.  The  spare  parts  kit  in¬ 
cludes  one  seawater  motor,  a  complete  valve  cartridge,  bearings,  and 
spare  0-rings. 

Logistic  Supportabi 1 i ty  Analysis 

As  part  of  the  MFTS,  the  RDT  will  come  with  an  operation  and  main¬ 
tenance  kit.  These  parts  will  include  a  standardized  motor  and  a  stan¬ 
dardized  valve  cartridge.  These  parts  are  replacements  in  case  of  a 
premature  failure  of  a  component  and  are  recommended  based  on  the  re¬ 
sults  of  the  testing  that  has  been  completed  to  date.  No  special  tools 
are  required  to  perform  any  of  the  maintenance  outlined  in  the  Operation 
and  Maintenance  Manual. 

All  spare  parts  and  the  RDT  will  be  transportable  in  a  permanent 
storage  case  that  is  padded  to  prevent  tool  damage  during  transit. 
There  are  no  special  requirements  for  shipping.  All  training  required 
for  the  RDT  is  covered  In  the  Operation  and  Maintenance  Manual. 
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Figure  16.  Production  rotary  disk  tool. 


FINDINGS 

The  following  findings  are  based  on  the  results  of  the  development 
tests; 

1.  The  prototype  RDT  met  or  exceeded  the  design  requirements. 
The  tool  is  suitable  for  performing  the  tasks  of  grinding  and 
cutting  a  variety  of  materials. 

2.  With  a  7-inch-diameter  abrasive  disk,  operating  at  a  flowrate 
of  7  gpm  and  a  pressure  of  800  psi,  the  disk  speed  is  2,500 
rpm  submerged. 

3.  The  cutting  tests  showed  the  need  to  improve  the  design  of  the 
auxiliary  handle  of  the  tool. 

4.  The  trigger  is  too  long  for  safe  operation. 

PRODUCTION  MODEL 

The  rotary  disk  tool  was  modified  to  improve  handling  capabilities. 
The  production  rotary  disk  tool  (Figure  16)  has  a  bayonet  plate  between 
the  motor  and  tool  head.  The  bayonet  plate  allows  rotation  of  the  tool 
head  in  90-degree  increments  to  accommodate  cutting  or  grinding.  In 
addition,  the  auxiliary  handle  was  improved  to  a  D-shape  to  offer  con¬ 
venient  hand  positions  for  either  a  right-handed  or  left-handed  diver. 
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The  rotary  disc  tool  also  features  a  quick-release  button  on  its  output 
shaft  that  enables  installation  or  removal  of  the  grinding  disc  underwa¬ 
ter  without  tools.  The  assembly  drawings  are  provided  in  Appendix  A. 

A  standardized  seawater  motor  and  modular  control  valve/handle 
assembly  were  added  to  reduce  spare  parts  inventory  requirements.  The 
standardized  3.5-horsepower  seawater  motor  (Figure  17)  is  interchange¬ 
able  with  the  tools  of  the  MFTS  with  the  installation  of  plugs  in  the 
unused  ports.  The  balanced  vane  motor  weighs  only  3.5  pounds  and  it  has 
a  service  life  of  250  hours  between  rebuilds.  It  features  a  mounting 
boss  and  a  short-spl i ned  shaft  to  aid  in  motor  alignment. 

The  modular  control  valve  and  handle  assembly  (Figure  18)  provided 
a  shorter  trigger  to  allow  two-finger  operation  and  a  full  hand  guard. 
The  valve  design  is  similar  to  the  valve  tested  on  the  prototype  rotary 
impact  wrench. 
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horsepower  motor  assembly. 


CHAPTER  4. 


SEAWATER  HYDRAULIC  ROTARY  IMPACT  TOOL 


The  design  requirements  for  the  MFTS 
marized  in  Table  7.  The  rotary  impact  tool 


rotary  impact  tool  are  sum- 
can  also  be  used  as  a  drill. 


Table  7.  Rotary  Impact  Tool  Operating  Requirements 

Item  Design  Requirement  Threshold 


Torque 

Bolts 

Drill  holes  in  wood  and  metal 
Ai r  weight 

Forward  and  reverse  operation 

Uses  commercial  impact  sockets 

Operating  depth 

Temperature 

Rel iabi 1 ity 

MTBF 

MTTR 

Availability 
Mai ntenance 
Daily 

End  of  project 
Annually 


400  ft-lb 
5/8  in. 
1/4  to  1  in. 
15  lb 
Yes 

drills  Yes 

190  ft 

-1  to  +40  °C 
0.85 
49  hr 
4  hr 
0.80 

0.5  hr 
1  hr 
4  hr 


COMPONENT  DESCRIPTION 

The  seawater  hydraulic  rotary  impact  tool  (Figure  19)  uses  a  com¬ 
mercially  available  impact  mechanism  from  a  pneumatic  impact  wrench. 
The  design  of  the  tool  centers  around  a  cast  Inconel  backhead  to  which 
the  seawater  motor,  the  valve  and  handle,  and  the  impact  housing  are 
attached  (Figure  20).  Integral  with  the  backhead  is  the  rotary  revers¬ 
ing  valve  and  the  porting  to  control  the  direction  of  the  3-horsepower 
seawater  motor.  The  reversing  valve  rotates  180  degrees  and  is  operated 
by  a  handle  on  the  left  side  of  the  tool. 

Seawater  enters  at  the  bottom  of  the  handle  and  is  regulated  by  a 
poppet  valve  at  the  handle  trigger.  After  being  directed  by  the  revers¬ 
ing  valve  through  the  seawater  motor,  the  water  passes  back  through  the 
reversing  valve  and  is  exhausted  just  above  the  handle  guard. 
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IMPACT 

MtCHANISM 


Exploded  view  of  rotary  impact  tool. 


The  impact  mechanism  is  mounted  in  a  sealed  housing.  A  water 
soluble  oil  solution  provides  lubrication  and  cooling  for  the  impact 
mechanism  and  bearings. 

The  impact  mechanism  is  directly  coupled  to  the  shaft  of  the  sea¬ 
water  motor.  The  impact  housing  is  held  to  the  backhead  with  a  flange 
clamp.  The  l-inch-square  drive  anvil  is  drilled  for  the  use  of  socket 
retainers.  By  adding  a  drill  chuck,  the  tool  can  be  used  as  a  drill. 


TEST  AND  EVALUATION 

The  laboratory  tests  and  evaluation  of  the  seawater  rotary  impact 
tool  were  conducted  at  NCEL  in  the  Seawater  Hydraulics  Laboratory  and 
the  Ocean  Systems  Test  Facility  by  NCEL  personnel. 

The  laboratory  testing  was  conducted  on  a  test  platform  that  rigid¬ 
ly  supported  the  tool  and  test  load.  Pneumatic  actuators  were  used  to 
control  tool  operation.  A  journal  brake  was  connected  directly  to  the 
impact  wrench  anvil  as  the  load.  This  configuration  (Figure  21)  was 
submerged  in  the  test  tank  for  extended  periods  during  the  life  test. 

For  measuring  tool  performance,  a  Skidmore  Wilhelm  impact  tester 
replaced  the  journal  brake  for  surface  use.  The  Skidmore  Wilhelm  impact 
tester  related  bolt  tension,  measured  as  pressure,  to  applied  torque. 
Inlet  flowrate  and  pressure  were  continuously  monitored  during  testing. 
The  laboratory  data  recorded  during  testing  can  be  found  in  Reference  8. 

Operability,  Safety,  and  Human  Factors  Tests 

Results  of  the  individual  tests  conducted  in  this  evaluation  are 
given  below.  The  prototype  seawater  hydraulic  rotary  impact  tool  met 
the  design  requirements  as  listed  in  Table  7  except  for  weight.  The 
impact  tool  performance  was  satisfactory  and  no  safety  problems  were 
observed , 

Initial  Operating  Characteristics.  Tool  performance  was  measured 
using  the  Skidmore  Wilhelm  impact  tester.  Figure  22  is  a  graph  of 
torque  as  a  function  of  impact  time,  in  seconds,  for  five  different 
flowrates.  The  hydraulic  relief  pressure  was  held  constant  at  750  psi 
during  this  test. 

The  impact  v/rench  achieved  the  required  bolt  torque  within  3 
seconds  almost  independent  of  the  set  flowrate.  This  is  attributed  to 
the  accumulator  affect  of  250  feet  of  supply  hose.  For  the  first 
seconds  of  operation,  the  tool  operates  with  an  instantaneous  maximum 
flowrate  greater  than  the  set  flowrate.  This  peak  flow,  a  function  of 
the  tool  relief  pressure  in  this  closed  center  system,  is  caused  by 
contraction  of  the  hose  diameter  as  the  fluid  energy  stored  in  the  hose 
Is  released.  As  expected,  the  rate  of  impacting,  measured  in  beats  per 
second  of  the  hammers,  is  directly  related  to  the  speed  of  the  motor 
which  is  a  function  of  the  seawater  flowrate.  During  these  first 
seconds,  the  tool  performance  is  independent  of  the  set  flowrate.  After 
this  energy  has  been  expended,  the  tool  behaves  In  the  expected  load- 
dependent  manner. 
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Figure  21.  Rotary  impact  tool  mounted  on  submerged  test  platform 

driving  a  journal  brake.  The  pneumatic  linear  actuator 
cycles  the  trigger,  while  the  rotary  actuator  controls 
direction  of  rotation. 
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Figure  22.  Impact  wrench  performance  curve. 


Noise  Level.  Sound  level  measurements  were  conducted  in  open  water 
with  a  hydrophone  placed  near  the  diver's  ear  but  at  a  distance  from  the 
tool  not  greater  than  2  feet.  The  data  were  collected  on  tape  and  later 
analyzed  to  provide  an  equivalent  sound  pressure  level  in  air  (Ref  9). 
The  tool  produced  an  adjusted  sound  pressure  level  of  74.8  dB  referenced 
to  20  pPa.  The  permissible  exposure  level  (PEL)  is  84  dB  for  any  8 
hours  in  any  24-hour  period.  The  noise  level  of  the  impact  tool  is 
within  the  PEL  and  is  not  a  hazard  to  the  diver.  In  addition,  hooded 
divers  operating  the  tool  indicated  that  the  impacting  noise  was  not  a 
problem. 

Tightening  and  Drilling  Tests.  The  tightening  and  drilling  tests 
were  performed  by  Navy  divers.  The  divers  used  the  impact  wrench  to 
tighten  5/8-inch  bolts  and  drill  1/4-,  1/2-,  5/8-,  and  3/4-inch-diameter 
holes  into  3/8-inch  cold  rolled  steel  plate  and  4-  by  4-inch  wood. 

The  average  time  required  to  tighten  a  series  of  ten  bolts  to  400 
foot-pounds  was  less  than  a  minute.  Loosening  the  same  ten  bolts  took 
slightly  longer.  The  tests  were  performed  with  bolts  oriented  both 
vertically  and  horizontally  with  no  significant  time  difference. 

A  drill  chuck  was  installed  for  the  drilling  tests.  The  divers 
were  required  to  drill  several  hole  sizes  in  steel  and  wood  positioned 
vertically  and  horizontally.  Times  were  recorded  for  each  hole  drilled. 
For  the  drilling  tests,  tool  supply  flowrate  and  pressure  were  increased 
from  an  impact  wrench  setting  of  5  gpm  at  750  psi  to  7  gpm  at  1,000  psi 
to  achieve  the  proper  bit  speed. 
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The  average  drilling  time  results  are  shown  in  Table  8. 
Vertical-down  drilling  times  were  somewhat  better  than  times  recorded 
for  drilling  horizontally.  This  is  because  the  weight  of  the  tool 
helped  in  drilling  vertical  holes.  The  drilling  tests  in  wood  produced 
comparable  drill  rates  for  twist  style  and  auger  style  drill  bits.  A 
sharp  increase  in  horizontal  drilling  times  was  noted  with  the  larger 
bits  in  steel  due  to  the  difficulty  of  maintaining  feed  force.  These 
times  were  satisfactory  and  comparable  to  existing  tools. 


Table  8.  Average  Drilling  Times 


Drill  Size 
Diameter 
(in.)^ 

Material 
Thickness 
(in. ) 

Horizontal 
Position  Time 
(sec) 

Vertical -Down 
Position  Time 
(sec) 

1/4 

3/8  Steel 

60 

13 

1/2 

3/8  Steel 

65 

30 

5/8 

3/8  Steel 

130 

43 

3/4 

3/8  Steel 

140 

— 

1/4  T 

4  Wood 

11 

12 

1/2  T 

4  Wood 

24 

28 

1/2  A 

4  Wood 

38 

15 

5/8  T 

4  Wood 

24 

20 

5/8  A 

4  Wood 

21 

28 

3/4  T 

4  Wood 

27 

25 

n  /  4  A 

O/  H  A 

4  Wood 

31 

26 

1  T 

4  Wood 

51 

29 

X  A 

4  Wood 

32 

30 

^Note:  T  = 

Twist  drill 

bit;  A  =  Auger 

drill  bit. 

Human  Factors  Evaluation.  During  drill  and  impact  tests,  the  im¬ 
pact  tool  was  evaluated  by  several  divers  for  handling,  ease  of  use, 
control,  safety,  and  other  human  factors  considerations.  Diver  comments 
can  be  found  in  Appendix  B.  Some  specific  comments  on  handling  are  sum¬ 
marized  as  follows: 

1.  The  handle  was  uncomfortably  large,  creating  difficulties  in 
tool  positioning  and  balance. 

2.  The  trigger  was  considered  too  long  by  about  two  or  three 
finger  widths,  requiring  the  divers  to  release  the  handle  to 
release  the  trigger. 

3.  The  divers  noted  that  the  tool  was  heavy  and  should  be  light¬ 
ened. 

4.  The  tool  had  more  than  adequate  power. 
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Reliability,  Maintainability,  and  Availability  Tests 

The  results  of  the  individual  tests  conducted  in  this  evaluation 
are  summarized  below.  The  reliability  was  demonstrated  to  0.85  at  an  80 
percent  confidence  level  at  the  completion  of  the  endurance  test. 

Endurance  Test.  The  endurance  test  to  verify  the  design  require¬ 
ment  of  85  percent  reliability  at  an  80  percent  confidence  level  was  79 
hours  of  cycle  testing  (Ref  9).  A  representative  operation  cycle  was 
chosen  at  5  seconds  on  "forward,"  5  seconds  on  "off,"  2  seconds  on 
"reverse,"  then  5  seconds  on  "off."  Repeating  this  cycle  for  the 
required  79  hours  resulted  in  10,533  cycles.  The  control  of  the  tool 
was  performed  remotely  with  a  timer  and  a  pneumatic  control  circuit. 

The  test  cycle  was  a  severe  test  of  the  tool  for  two  reasons. 
First,  the  reversing  valve  was  operated  more  frequently  than  would  be 
expected  in  field  use.  Second,  the  5-second  "off"  period  between  opera¬ 
tion  was  minimal  for  the  lubricant  in  the  impact  housing  to  cool  the 
hammers . 

Prior  to  each  test  day's  operation,  the  tool  was  connected  to  the 
Skidmore  Wilhelm  device  and  performance  data  were  recorded  for  compari¬ 
son  with  the  baseline  performance  data  taken  at  the  beginning  of  the 
test  period.  After  verifying  performance,  the  Skidmore  Wilhelm  device 
was  replaced  with  the  journal  brake  and  testing  continued. 

After  10,374  cycles,  just  159  cycles  short  of  completion,  the 
polyamide-imide  thrust  washers  and  bearings  in  the  impact  housing  had 
deteriorated  due  to  inadequate  lubrication.  This  may  have  resulted 
because  of  too  short  of  an  "off"  period  programmed  in  the  cycle.  Also, 
the  bearing  surface  of  the  motor-impactor  coupling  was  scored  where  it 
contacted  the  rear  housing  seal.  The  following  improvements  were  made 
to  the  impact  housing  assembly  to  correct  these  failures; 

•  The  polyamide-imide  bearings  and  thrust  washers  were  replaced 
with  steel  flanged  bearings  in  both  the  front  and  rear 
hous i ngs . 

•  The  bronze  motor-impactor  coupling  was  sleeved  with  stainless 
steel  to  provide  better  wear  properties  where  it  contacted  the 
seal . 

•  A  second  0-ring  was  added  to  the  rear  housing  to  aid  in  align¬ 
ment  of  the  rear  housing  bearing. 

•  The  anvil  sleeve  was  lengthened  and  four  lubrication  holes 
were  added  to  supply  the  nose  bearing  with  lubricant. 

With  these  improvements,  the  reliability  testing  continued. 
Because  the  Impact  housing  had  been  reworked,  the  cycle  count  for  the 
housing  was  reset  to  zero.  The  other  components  of  the  tool  continued 
from  the  previous  count. 
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At  15,379  total  cycles,  the  impact  wrench  would  not  operate  in  the 
reverse  direction.  Inspection,  following  disassembly,  revealed  that  the 
ceramic  sleeve  of  the  reversing  valve  had  eroded.  Clearance  from  ero¬ 
sion  resulted  in  excessive  leakage  of  the  valve  in  the  reverse  position. 
This  leakage  was  sufficient  to  stall  the  motor  under  load. 

From  a  reliability  standpoint,  the  reversing  valve  had  success¬ 
fully  completed  the  required  10,533  cycles.  The  redesigned  impact 
housing  was  the  only  component  that  had  not  completed  the  life  test, 
having  completed  only  5,005  cycles. 

To  complete  testing  of  the  impact  housing,  a  new  reversing  valve 
sleeve  was  fabricated.  Bronze  was  substituted  for  the  ceramic  sleeve 
material  because  of  expected  improved  wear  properties  between  the  stain¬ 
less  steel  spool  and  the  bronze  sleeve. 

At  17,107  cycles  (6,574  cycles  on  the  new  impact  housing),  the 
motor-impactor  coupling  fractured  at  undercut  for  the  spline  shaft. 
Examination  revealed  a  cyclic  fatigue  failure.  This  part  had  not  been 
fabricated  in  accordance  with  the  design  as  the  relief  undercut  for  the 
spline  had  not  been  radiused.  Thus,  this  failure  was  attributed  to 
improper  production  of  the  coupling.  It  was  replaced  and  testing  con¬ 
tinued  until  10,533  cycles  had  been  completed  on  the  new  impact  housing. 
No  further  problems  were  encountered.  Table  9  summarizes  the  endurance 
test  on  a  component  basis. 

All  components  of  the  rotary  impact  tool  completed  the  required 
10,533  cycles  without  a  chargeable  failure  as  defined  by  the  failure 
criteria.  The  point  estimate  of  the  rotary  impact  tool  reliability  was 
calculated  to  be  0.85  at  an  80  percent  confidence  level.  With  the 
repair  times  listed  in  Table  9,  iiie  Mean  Time  To  Repair  (MTTR)  was 
estimated  to  be  less  than  0.60  hours. 

The  Mean  Time  Between  Failure  (MTBF)  for  a  mission  of  8  hours  was 
calculated  using  exponential  distribution  to  be  49  hours  at  the  lower 
limit  of  the  80  percent  confidence  interval.  With  a  MTBF  of  49  hours 
and  a  MTTR  of  0.60  hours,  the  inherent  availability  (A.)  is  0.988.  This 
is  substantially  greater  than  the  0.80  design  requirement. 

Post-Life  Performance  Test.  Performance  data  were  taken  following 
life  testing  and  compared  with  the  initial  data.  A  comparison  of  ini¬ 
tial  performance  with  post-life  performance  at  a  flowrate  of  4  gpm, 
shown  in  Figure  23,  reveals  some  deterioration  in  the  performance  of  the 
tool.  The  initial  performance  data  indicated  that  the  400  foot-pound 
torque  could  be  achieved  in  2  to  3  seconds.  Post-life  performance  shows 
an  increase  to  4  to  5  seconds.  The  deterioration  is  attributed  to  in¬ 
creased  leakage  in  the  rotary  reversing  valve. 

Improper  Storage  Test.  Several  times  during  the  course  of  the  life 
testing,  when  it  was  necessary  to  wait  for  improved  parts  to  be  fabri¬ 
cated,  the  rotary  impact  tool  went  through  informal  improper  storage 
tests.  These  tests  ranged  from  1  week  to  1  month,  with  the  tool  left 
untouched  after  operation.  The  tool  was  not  maintained  in  any  way  prior 
to  these  tests.  Salt  collected  Inside  the  trigger  valve  block  assembly 
and  backhead  assembly.  None  of  the  deposits  were  very  significant  and 
would  not  have  prevented  the  tool  from  performing. 
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Table  9.  Endurance  Test  Summary 
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Figure  23.  Impact  wrench  performance. 

Two  significant  observations  were  noted.  The  first  was  the  dis¬ 
covery  of  corrosion  around  the  nuts  that  hold  the  clamp  flange  to  the 
backhead  assembly.  The  aluminum  of  the  clamp  flange,  where  the  anodize 
had  been  scratched  from  repeated  assembly,  had  corroded  due  to  galvanic 
interaction  between  the  anodic  exposed  aluminum  and  cathodic  system 
components  such  as  the  stainless  steel  fasteners.  This  corrosion  had 
penetrated  between  the  threads.  After  disassembly,  small  pits  were  seen 
in  the  counter  sunk  area  of  the  clamp  flange.  Marine  growth  was  found 
on  the  motor  mounting  bolts  where  they  passed  through  the  backhead 
assembly.  The  area  where  this  growth  was  found  had  limited  access  and 
could  not  be  flushed  with  fresh  water. 

The  second  observation  occurred  after  the  new  bronze  reversing 
valve  sleeve  had  been  installed.  Galvanic  corrosion  between  the  bronze 
sleeve  and  the  stainless  steel  valve  spool  caused  the  reversing  valve  to 
bind.  The  very  close  tolerance  between  the  valve  spool  and  the  sleeve 
makes  thorough  flushing  of  the  parts  difficult  short  of  disassembly. 
Spraying  the  valve  with  oil  after  each  use  prevented  this  corrosion  from 
binding  the  valve. 

Required  Maintenance.  Aside  from  the  improvements  made  during  the 
life  testing,  tool  maintenance  was  limited  to  replacing  the  seals  and 
0-r1ngs  of  the  impact  housing  when  it  was  noticed  that  they  were  leak¬ 
ing.  The  poppet  valve  seats  in  the  trigger  valve  block  were  also  re¬ 
placed  after  life  testing  because  of  leakage. 

There  was  some  minor  difficulty  in  assembling  the  rear  housing  into 
the  impact  housing  because  of  the  presence  of  clearance  countersinks  in 
the  Impact  housing.  When  pressing  the  rear  housing  into  the  Impact 


43 


housing,  the  0-r1ngs  would  protrude  out  at  these  four  locations.  If 
extra  care  was  not  taken  to  guide  the  0-r1ngs  back  into  their  proper 
position,  they  would  be  damaged. 

The  field  maintenance  requirements  of  the  seawater  rotary  impact 
tool  are  as  follows:  (1)  the  tool  must  be  thoroughly  rinsed  and  flushed 
with  fresh  water  after  daily  use,  (2)  the  reversing  valve  should  be 
sprayed  with  oil  and  the  valve  operated  to  promote  penetration  (the  oil 
can  be  sprayed  into  the  valve  area  through  the  exhaust  ports  of  the 
tool),  and  (3)  after  8  hours  of  use,  the  lubricant  in  the  impact  housing 
should  be  replaced.  The  lubricant  is  a  20  percent  mixture  of  soluble 
oil  in  water.  During  testing,  it  was  observed  that  this  oil  will  come 
out  of  solution  and  coat  the  internal  parts  in  the  impact  housing.  When 
the  old  solution  is  drained,  most  of  the  oil  will  remain  inside.  The 
addition  of  fresh  oil  serves  to  increase  the  concentration  of  oil  inside 
the  impact  housing.  The  ab’'1ty  of  this  oil  to  coat  the  parts  and  not 
get  washed  away  with  the  leakage  of  seawater  through  the  impact  housing 
seals  helps  improve  the  reliability  of  the  tool.  However,  after  each 
mission,  the  impact  housing  should  be  disassembled  to  clean  away  this 
buildup  for  subsequent  inspection  of  the  parts. 

Depot  level  maintenance  consists  of  annual  disassembly  and  inspec¬ 
tion  . 

Logistic  Supportabi 1 i ty  Analysis 

The  impact  tool  will  be  delivered  to  the  user  with  a  complement  of 
spare  parts.  These  parts  will  include  a  standardized  motor,  a  standard¬ 
ized  valve  cartridge,  and  a  handle.  These  parts  are  intended  to  be  used 
as  replacements  in  case  of  premature  failure  of  a  component  and  are 
recommended  based  on  the  results  of  the  testing  that  has  been  completed. 
Regular  maintenance  parts  for  the  seawater  impact  tool  include  water 
soluble  oil,  impact  housing  seals,  0-rings,  and  a  reversing  valve. 

Only  two  special  tools  are  required  to  perform  the  maintenance  out¬ 
lined  in  the  Operation  and  Maintenance  Manual.  One  is  a  sleeve  for  the 
end  of  the  anvil  to  guide  it  through  the  housing  nose  seal  during 
assembly  of  the  impact  housing.  This  special  tool  will  be  supplied  with 
the  impact  tool.  The  other  tool  required  is  a  hand-operated  press  used 
in  disassembly  and  assembly  of  the  rear  housing  from  the  Impact  housing. 

The  impact  tool  and  all  spare  parts  are  transportable  in  a  per¬ 
manent  storage  case  that  is  padded  to  prevent  damage  during  transit. 
There  are  no  special  requirements  for  shipping.  All  training  required 
for  the  impact  tool  is  covered  in  the  Operation  and  Maintenance  Manual. 


FINDINGS 

The  following  findings  are  based  on  the  results  of  the  development 
tests: 

1.  The  seawater  hydraulic  impact  wrench  met  or  exceeded  the  design 
requirements  except  for  weight.  The  impact  tool  in-air  weight  exceeds 
the  design  requirement  of  15  pounds  by  5  pounds. 
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2.  The  impact  tool  provides  the  required  400  foot-pound  torque 
design  requirement  in  approximately  2  to  3  seconds  at  750  psi  for  flow- 
rates  between  3  and  7  gpm. 

3.  The  maximum  flowrate  for  the  tool  is  7  gpm  when  used  with  the 
drill  chuck  attached.  The  minimum  flowrate  that  the  tool  was  operated 
at  was  2  gpm. 

4.  The  handle  and  trigger  configuration  requires  modification  to 
improve  the  comfort  and  reduce  diver  fatigue.  The  handle  circumference 
should  be  reduced  to  allow  gloved  divers  a  firm  grip  on  the  tool.  In 
addition,  the  trigger  should  be  shortened  by  about  two  finger  widths  to 
allow  the  diver  to  release  the  trigger  while  maintaining  his  hold  on  the 
handle. 

5.  The  impact  housing  requires  improvement  to  ease  assembly  proce¬ 
dures  and  to  prevent  damage  to  the  rear  housing  0-rings. 

6.  The  stainless  steel  spool  and  bronze  sleeve  combination  for  the 
reversing  valve  assembly  showed  insignificant  wear.  The  bronze  sleeve 
is  less  expensive  to  fabricate  than  the  ceramic  sleeve.  Galvanic  cor¬ 
rosion  between  the  stainless  steel  and  the  bronze  can  cause  the  valve  to 
bind  if  it  is  not  maintained  in  accordance  with  the  Operation  and  Main¬ 
tenance  Manual . 


PRODUCTION  MODEL 

The  rotary  impact  wrench  was  modified  to  include  the  standard  sea¬ 
water  motor,  and  modular  control  valve  and  handle  assembly.  The  produc¬ 
tion  rotary  impact  wrench  (Figure  24)  now  uses  the  same  handle  as  that 
of  the  rotary  disk  tool  and  bandsaw.  This  resulted  in  a  small  weight 
savings.  The  assembly  drawings  are  provided  in  Appendix  A. 

In  addition,  the  materials  of  the  reversing  valve  were  changed  to 
stainless  steel  for  the  spool  and  bronze  for  the  sleeve  because  of  the 
expected  increase  in  part  life  and  lower  fabrication  costs. 

Finally,  the  clearance  countersinks  in  the  impact  housing  were 
removed  so  that  rear  housing  assembly  is  easier  to  perform  without 
damaging  the  0-rings. 
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Figure  24.  Production  rotary  impact  wrench  (RIW). 
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CHAPTER  5. 


SEAWATER  HYDRAULIC  BANDSAW 


The  design  requirements  for  the  MFTS  bandsaw  are  given  in  Table  10. 
The  seawater  hydraulic  bandsaw  uses  some  components  of  an  oil  hydraulic 
version  of  the  tool.  A  new  handle,  valve,  and  gear  box  were  required  to 
convert  the  tool  to  seawater  hydraulic  operation. 


Table  10.  Bandsaw  Design  Requirements 


Item 


Design  Requirement  Threshold 


Air  weight 

Forward  rotation  only 
Able  to  cut 


Operating  depth 

Temperature 

Reliability 

MTBF 

MTTR 

Avai 1 abi 1 i ty 
Maintenance: 

Dai  ly 

End  of  project 
Annual ly 


30  1b 

125  surface  ft/mi n 
Rebar 

1-1/4-in.  synthetic  line 
Sheet  metal 

SD  list  5  coaxial  cable 
190  ft 

-1  to  +40  “C 
0.90 
36  hr 
4  hr 
0.80 

0.5  hr 
1  hr 
4  hr 


COMPONENT  DESCRIPTION 

The  MFTS  seawater  hydraulic  bandsaw  (Figure  25)  is  modeled  after 
the  oil  hydraulic  bandsaw  currently  used  by  the  UCTs.  The  seawater 
bandsaw  uses  the  same  cutting  section  (chain,  sprockets,  and  blade  pul¬ 
leys)  as  the  oil  hydraulic  bandsaw.  This  section  is  taken  from  the  com¬ 
mercially  available  Rockwell  Porta  Bandsaw.  The  gear  box  and  motor  are 
designed  especially  for  seawater  hydraulics.  The  gear  box  contains 
three  levels  of  polyamide-imide  gears,  stainless  steel  pinions,  and 
graphite  bearings  for  a  20:1  gear  reduction. 
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Figure  25.  Seawater  hydraulic  bandsaw. 


The  seawater  enters  through  a  poppet  valve  to  vhe  3-horsepower  sea¬ 
water  hydraulic  vane  motor.  The  water  Is  exhausted  through  the  seawater 
motor  into  the  gear  box.  A  portion  of  the  water  is  forced  through  the 
gear  box  to  act  as  the  lubricating  fluid  for  the  gears,  pinions,  and 
bearings.  The  excess  is  exhausted  through  ports  in  the  top  of  the  gear 
box.  The  water  passing  through  the  gear  box  is  exhausted  over  the 
pulley  drive  chain  to  help  it  remain  free  from  foreign  particles.  The 
pulleys  have  friction  tape  applied  to  them  to  allow  the  blade  to  slip 
when  binding  occurs  so  that  the  bandsaw  does  not  twist  in  the  divers 
hands.  A  blade  guard  retracts  when  the  saw  is  put  to  the  work.  A 
quick-release  lever  relaxes  tension  on  the  following  pulley  to  a'' low 
blade  replacement.  The  blade  is  angled  in  the  throat  area  to  allow  cuts 
up  to  8  inches  deep  on  materials  up  to  4.5  inches  wide. 


TEST  AND  EVALUATION 

The  laboratory  tests  and  evaluation  of  the  seawater  bandsaw  were 
conducted  at  NCEL  in  the  Seawater  Hydraulics  Laboratory  and  Ocean  Sys¬ 
tems  Test  Facility  by  NCEL  personnel.  The  laboratory  testing  was  con¬ 
ducted  on  the  Multi-Purpose  Test  Apparatus  (MPTA),  a  test  stand  designed 
to  test  seawater  hydraulic  tools  submersed  in  water.  The  MPTA  provided 
for  submerged  measurements  of  torque  and  speed,  and  remote  operation.  A 
photograph  of  the  bandsaw  in  the  MPTA  is  shown  in  Figure  26.  The  labo¬ 
ratory  data  can  be  found  in  Reference  10. 

Operability,  Safety,  and  Human  Factor  Tests 

Results  of  the  individual  tests  conducted  in  this  evaluation  are 
summarized  below.  The  seawater  hydraulic  bandsaw  met  the  design  re¬ 
quirements,  as  listed  in  Table  10,  except  in  weight,  where  it  exceeded 
the  design  requirement  by  4  pounds.  The  bandsaw  performance  was  satis¬ 
factory  and  no  safety  problems  were  discovered. 

Initial  Operating  Characteristics.  The  performance  of  the  bandsaw 
was  measured  with  the  tool  installed  on  the  MPTA.  Figure  27  is  a  plot 
of  shaft  torque  of  the  drive  pulley  versus  speed  for  lines  of  constant 
pressure  and  constant  flow.  As  expected,  blade  speed  is  di'pendent  on 
flowrate  and  independent  of  pressure.  This  is  a  very  desirable  charac¬ 
teristic  in  the  bandsaw  where  a  constant  blade  speed  results  in  more 
efficient  cutting. 

Nol  se  Level.  The  noise  level  of  the  bandsaw  is  very  low  while 
operating  underwater  and  does  not  present  a  hearing  loss  threat  to  the 
diver. 

Cutting  Tests.  The  cutting  tests  were  performed  at  NCEL  in  the 
Ocean  System  Test  Facility  by  Navy  divers  stationed  at  NCEL.  The 
bandsaw  was  used  to  cut  3-inch  SD  List  5  coaxial  cable,  1-1/4-inch  SO 
List  1  coaxial  cable,  1-inch  rebar,  1-1/2-inch  synthetic  line,  and 
1/4-inch  mild  steel  plate.  To  simulate  underwater  work  tasks,  the  rebar 
was  cut  in  both  the  horizontal  and  vertical  positions.  The  cutting 
times  were  measured  by  a  stopwatch,  and  are  shown  in  Table  11. 


49 


gure  26.  Seawate 
apparat 


CONSTANT  PSCSSURC  and  CONSTANT  FLOW 


Figure  27.  Initial  bandsaw  performance  curves. 


An  attempt  was  made  to  cut  SD  List  1  cable.  However,  the  hardened 
steel  center  strength  member  of  the  SD  List  1  cable  could  not  be  cut 
with  the  tool  steel  blade.  The  cut  was  terminated  after  5  minutes.  A 
carbide  blade  is  recommended  for  cutting  SD  List  1  cable. 

Human  Factors  Evaluation.  The  bandsaw  was  evaluated  by  four  Navy 
divers  for  handling,  ease  of  use,  control,  safety,  and  other  human  fac¬ 
tors  considerations.  Interview  forms  recording  diver  comments  are  pro¬ 
vided  in  Appendix  B.  The  results  are  summarized  below: 

1.  The  balance  and  weight  of  the  tool  was  acceptable. 

2.  The  short  valve  trigger  required  only  two  fingers  to  operate 
and  allowed  the  diver  to  maintain  his  grip  on  the  tool  handle.  However, 
the  return  spring  on  the  poppet  valve  made  the  trigger  difficult  to  hold 
open  and  caused  forearm  fatigue  during  long  cuts. 

3.  The  bandsaw  needs  a  more  effective  trigger  guard  to  prevent 
accidental  operation  during  blade  replacement. 
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Table  11.  Bandsaw  Cutting  Tests 


Material 

Material 

Orientation 

Time 

(sec) 

Blade 

Speed 

(fpm) 

Blade 

Teeth 

(T/in.) 

Flowrate 

(gpm) 

Rebar  1-in. 

Horizontal 

135 

100 

10 

4.0 

diam 

Vertical 

57 

100 

10 

4.0 

Horizontal 

88 

100 

10 

4.0 

Vertical 

112 

100 

10 

4.0 

1-1/2-in. -diam 

Hori zontal 

13 

100 

10 

4.0 

synthetic  line 

Horizontal 

13 

100 

10 

4.0 

1/4-in.  mild 

Horizontal 

112 

100 

10 

4.0 

steel  plate 
(4  in.  thick) 

Hori zontal 

64 

100 

10 

4.0 

Coaxial  cable 

Horizontal 

150 

175 

10 

7.5 

3-in . -diam 

SO  List  5 

Horizontal 

154 

175 

10 

7.5 

Coaxial  cable 

Hori zontal 

300® 

125 

18 

5.0 

1-1/4-in. -diam 

SO  List  1 

Horizontal 

300® 

125 

18 

5.0 

1-in.  rebar 

Hori zontal 

26 

175 

10 

7.5 

Vertical 

30 

175 

10 

7.5 

Horizontal 

30 

175 

10 

7.5 

Vertical 

60 

175 

10 

7.5 

Horizontal 

25 

175 

10 

7.5 

Vertical 

47 

175 

10 

7.5 

1-1/2-in. 

Horizontal 

4 

175 

10 

7.5 

synthetic  line 

Horizontal 

2 

175 

10 

7.5 

1/4-in.  mild 

Hori zontal 

40 

175 

10 

7.5 

steel  plate 
(4  in.  thick) 

Horizontal 

29 

175 

10 

7.5 

’Never  succeeded  in  cutting  through  the  center  strength  member  of 
this  coaxial  cable.  Center  strength  member  was  hardened  steel. 
Need  carbide  blade  to  cut  this  cable.  Tool  steel  blades  were 
used  in  this  test. 
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Reliability,  Maintainability,  and  Availability  Tests 

The  results  of  the  individual  tests  conducted  in  this  evaluation 
are  summarized  below.  The  bandsaw  proved  its  0.90  reliability  factor 
requirement  and  completed  life  testing. 

Life  Test.  The  endurance  test  to  verify  the  design  requirement  of 
0.90  reliability  at  an  90  percent  confidence  level  required  174  hours  of 
cycle  testing  (Ref  7).  The  operating  cycle  of  2  minutes  on,  4  minutes 
off  was  modified  by  reducing  the  "off"  time  to  1  minute  since  there  is 
no  wear  when  the  bandsaw  is  in  the  "off"  position.  The  bandsaw  needed 
to  complete  1,740  cycles  to  satisfy  the  reliability  requirement. 

During  the  life  test  of  the  bandsaw,  three  components  failed  and 
had  to  be  repaired.  Table  12  shows  when  these  failures  occurred,  the 
cause  of  failure,  the  time  to  repair  the  item,  and  subsequent  action. 

At  cycle  number  320,  the  output  torque  dropped  from  45  inch-pounds 
to  20  inch-pounds.  The  tool  was  disassembled  and  inspected.  The  steel 
drive  chain  had  corroded,  causing  it  to  bind.  The  chain  was  replaced 
with  a  used  chain  from  an  oil  hydraulic  bandsaw.  The  maintenance  manual 
for  the  oil  hydraulic  unit  calls  for  daily  oiling  of  the  chain  and 
sprocket.  Since  the  seawater  bandsaw  uses  the  same  assembly,  this 
lubrication  procedure  was  used  for  the  remainder  of  the  test  without 
additional  failures. 


Table  12.  Bandsaw  Life  Test 


No.  of 
Cycles 

Failed  Item 

Cause  of  Failure 

Repai r 
Time 
(min) 

Redesign  Action 

320 

Drive  chain 

Corrosion/ seizing 

20 

None 

320 

Wheel  bearings 

Material  too  soft 

20 

Use  nylon 
bearings 

595 

Roll  pin 

Pin  fatigued  and 
sheared 

40 

Use  keyed  shaft 
or  "D"  shaft^ 

_ b 

Roll  pin 

Pin  fatigued  and 
sheared 

30 

Use  keyed  shaft 
or  "D"  shaft® 

^Used  in  oil  hydraulic  bandsaw;  reliability  demonstrated. 

This  pin  sheared  during  post-life  performance  testing,  equivalent  to 
cycle  number  1,775. 


While  the  tool  was  disassembled  at  320  cycles,  other  components 
were  Inspected.  The  drive  wheel  graphite  bearings  had  worn  considerably 
allowing  the  drive  wheel  to  wobble.  The  graphite  bearings  were  replaced 
with  nylon  bearings  from  the  oil  hydraulic  bandsaw.  These  nylon  drive 
wheel  bearings  were  used  for  the  remainder  of  the  test  without  incident. 
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At  cycle  595,  the  blade  stopped  moving  even  though  the  motor  was 
still  operating.  Disassembly  and  inspection  revealed  that  a  roll  pin 
used  to  retain  the  shaft  in  the  driving  gear  had  sheared.  This  pin  was 
replaced.  A  second  roll  pin  was  also  replaced  after  shear  failure 
occurred  during  the  post-life  performance  testing. 

The  reliability  criteria  specified  that  a  bailed  component  that 
required  less  than  30  minutes  to  repair  was  not  a  failure  but  rather  a 
maintenance  item.  By  the  strict  interpretation  of  this  criteria,  the 
bandsaw  failed  the  life  test  when  the  repair  of  the  sheared  roll  pin  on 
the  drive  shaft  exceeded  30  minutes.  However,  since  no  roll  pins  will 
be  used  in  the  final  design,  this  failure  is  noted  but  not  considered  a 
failure  of  the  tool.  The  use  of  a  keyed  shaft  to  gear  connection  to 
replace  the  roll  pin  was  verified  in  the  Rotary  Disk  Tool,  which  has  the 
same  reliability  requirements. 

Performance  data  were  obtained  after  the  life  testing  to  compare 
with  the  initial  data.  A  comparison  of  Figure  27  and  Figure  28  reveals 
an  overall  increase  in  the  supply  pressure  required  to  yield  a  given 
torque.  The  lines  of  constant  flow  on  both  curves  are  very  close, 
indicating  that  blade  speed  remains  constant  over  the  life  of  the  tool. 

Improper  Storage  Test.  The  bandsaw  was  operated  with  seawater  and 
stored  without  flushing  or  other  maintenance.  A  severe  storage  condi¬ 
tion  was  simulated  using  a  wooden  box  exposed  to  the  elements.  The 
bandsaw  was  left  in  the  box  for  33  days.  At  the  end  of  this  period,  the 
bandsaw  was  removed  and  completely  disassembled.  As  expected,  the  tool 
was  covered  with  a  salt  residue.  Several  locations  in  the  gear  box, 
where  water  had  collected,  had  small  accumulations  of  salt.  None  of  the 
salt  crystals  would  have  prevented  the  tool  from  operating. 

The  formation  of  rust  on  the  chain  sprocket  and  the  drive  chain 
prevented  the  tool  from  operating.  The  sprocket  corroded  to  the  output 
shaft  of  the  bandsaw  and  they  had  to  be  forced  apart,  while  the  drive 
chain  had  to  be  replaced. 

Galvanic  corrosion  between  the  graphite  bearings  of  the  gear  and 
pinion  shafts  and  the  aluminum  gear  box  caused  the  adjacent  aluminum  to 
oxidize.  This  oxidation  was  severe  and  caused  the  graphite  bearings  to 
collapse  on  the  shaft. 

Required  Maintenance.  The  drive  chain  was  repaired  because  of 
improper  maintenance  during  the  early  parts  of  the  test.  Subsequent 
lubrication  of  the  replacement  chain  resulted  in  no  further  problems. 
Experience  with  the  oil  hydraulic  bandsaw  has  shown  that  with  proper 
lubrication  the  drive  chain  is  reliable. 

The  maintenance  requirements  of  the  seawater  bandsaw  are  minor. 
The  bandsaw  must  be  rinsed  and  flushed  with  fresh  water  daily.  The 
driving  chain  must  be  lubricated  with  oil  after  the  daily  washing. 
There  are  no  fluids  to  check  or  replace.  The  friction  material  on  the 
wheels  must  be  checked  daily  and  replaced  as  needed.  At  the  end  of  each 
deployment,  the  friction  material  should  be  replaced.  At  the  beginning 
of  each  day,  a  new  blade  should  be  installed.  At  the  end  of  each  day, 
used  blades  should  be  discarded. 
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CONSTANT  INKSSUM  amA  CONSTANT  FLOW 


■LAOS  SFCCD  (RPM) 

Fliul  PtrtonmiKt  Test  DeU;  Her  20,  13SS 

Figure  28.  Final  bandsaw  performance  curves. 


Logistic  Supportability  Analysis 

The  MFTS  bandsaw  will  be  delivered  to  the  user  with  its  complement 
of  spare  parts.  These  parts  will  include  a  standardized  motor,  a  stan¬ 
dardized  valve  cartridge,  a  drive  chain,  drive  wheel  bearings,  gear  box 
bearings,  and  drive  wheel  tires.  These  parts  are  replacements  in  case 
of  premature  failure  of  a  component  and  are  recommended  based  on  the 
results  of  the  testing  that  has  been  completed. 

Regular  maintenance  parts  for  the  seawater  bandsaw  will  include 
friction  tape,  tape  adhesive,  and  drive  chain  lubricating  oil.  No 
special  tools  are  required  to  perform  any  of  the  maintenance  outlined  in 
the  Operation  and  Maintenance  Manual. 

All  spare  parts  and  the  bandsaw  will  be  transportable  in  a  perma¬ 
nent  storage  case,  which  is  padded  to  prevent  tool  damage  during 
transit.  There  are  no  special  requirements  for  shipping.  All  training 
required  for  the  bandsaw  is  covered  in  the  Operation  and  Maintenance 
Manual . 


FINDINGS 

The  following  findings  are  based  on  the  results  of  the  development 
tests: 

1.  The  bandsaw  met  or  exceeded  the  design  requirements  except  for 
weight.  The  bandsaw  in-air  weight  exceeds  the  design  requirement  of  30 
pounds  by  4  pounds. 
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2.  The  seawater  hydraulic  bandsaw  provides  cutting  speeds  ranging 
from  125  to  175  feet  per  minute,  suitable  for  cutting  a  variety  of 
materials.  Tool  steel  blades  can  be  used  to  cut  all  but  the  hardest 
materials.  A  carbide  blade  is  required  to  cut  through  SD  List  1  cable. 

3.  The  operating  pressure  at  stall  is  300  psi.  The  required  flow 
rate  is  5  to  7  gpm. 

4.  The  trigger  configuration  requires  modification  to  reduce 
fatigue  and  lessen  the  chance  of  accidental  activation. 

5.  The  roll  pins  used  to  pin  the  shafts  and  gears  are  a  weak  point 
in  the  design  and  failed  during  the  life  tests. 

6.  The  graphite  bearings  used  in  the  gear  box  are  cathodic  to  the 
aluminum  and  accelerate  the  corrosion  of  the  aluminum  through  galvanic 
corosion.  This  leads  to  bearing  failure. 


PRODUCTION  HODEL 

The  production  bandsaw  (Figure  29)  required  only  minor  changes  to 
correct  the  deficiencies  of  the  graphite  bearings  and  the  roll  pins. 
The  bearing  material  was  changed  to  nylon  on  all  shaft  sleeve  bearings. 
This  eliminated  the  potential  for  galvanic  corrosion  between  the  bearing 
material  and  the  aluminum  housing.  Instead  of  roll  pins,  the  shaft-to- 
gear  connections  were  keyed.  This  method  was  used  in  the  rotary  disk 
tool  and  it  demonstrated  durability.  The  assembly  drawings  are  provided 
in  Appendix  A. 

Additional  changes  to  the  bandsaw  Included  the  standard  seawater 
motor,  and  the  modular  control  valve  and  handle  assembly.  This  improved 
the  handling  of  the  tool  and  resulted  in  a  small  weight  savings. 
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Figure  29.  Production  bandsaw. 


CHAPTER  6.  CONCLUSIONS  AND  RECOMMENDATIONS 


The  overall  objective  of  the  development  described  in  this  report 
was  to  demonstrate  a  seawater  hydraulic  powered  diver  tool  system  that 
provides  improved  capability  for  construction  divers.  A  rotary  disk 
tool,  a  rotary  impact  wrench,  and  a  bandsaw  were  developed  and  tested. 
A  portable  diesel-driven  seawater  hydraulic  power  source  was  also  devel¬ 
oped  and  tested.  The  demonstrated  high  reliability  of  the  seawater 
hydraulic  MFTS  is  comparable  to  conventional  oil  hydraulic  tools.  In 
addition,  the  MFTS  provides  the  advantages  associated  with  seawater  as 
the  working  fluid.  These  advantages  include:  (1)  single  transmission 
hose  for  improved  diver  handling,  (2)  no  environmental  contamination 
associated  with  fluid  leaks  or  spills,  and  (3)  reduced  tool  maintenance 
requirements  because  the  tools  are  compatible  with  the  environment.  One 
production  MFTS  was  delivered  to  each  Underwater  Construction  Team  in 
1988. 


CONCLUSIONS 

1.  The  capabilities  of  a  seawater  hydraulic  diver  tool  system  have 
been  clearly  demonstrated  by  the  successful  development  and  evaluation 
of  a  rotary  disk  tool,  a  rotary  impact  tool,  a  bandsaw,  and  a  power 
source. 

2.  Operational  characteristics  of  each  tool  and  power  source  met 
or  exceeded  the  design  requirements. 

3.  The  rotary  impact  wrench  and  the  bandsaw  exceeded  the  weight 
threshold.  The  additional  weight  however,  did  not  detract  from  tool 
performance. 

4.  The  production  seawater  hydraulic  power  source  effectively 
provides  sufficient  power  for  operating  two  tools  simultaneously.  Power 
source  controls  are  conveniently  located  and  easy  to  operate.  Tool  set¬ 
tings  can  be  adjusted  independently  at  each  hose  real.  Overall,  the 
flow  circuit  operated  satisfactorily. 

5.  The  standardized  control  handle  and  valve  provide  an  inter¬ 
changeable  assembly  between  tools  and  a  reduced  spare  parts  inventory. 
The  two-finger  trigger  allows  the  gloved  diver  to  release  the  trigger 
yet  maintain  a  firm  grip  on  the  tool  handle.  The  trigger  valve  effec¬ 
tively  regulates  flow  to  the  seawater  motor. 
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6.  The  standardized  seawater  motor  1s  well-suited  for  the  diver 
tools  application.  By  plugging  unused  fluid  ports,  the  motor  can  be 
Installed  on  any  of  the  seawater  tools.  A  kit  included  with  the  tool 
system  allows  removal  of  these  disposable  plugs  so  that  the  motor  can  be 
Installed  on  any  tool.  The  3-horsepower  motor  adequately  powers  each 
tool . 


RECOmENDATIONS 

The  following  recommendations  are  based  on  conversations  with  UCT 
divers  during  deployments  with  the  MFTS; 

1.  A  rotary  impact  wrench  for  the  0-  to  400-foot-pound  torque 
range  would  compliment  the  MFTS  rotary  Impact  wrench  for  lighter 
assembly  work.  An  Internal  hex,  quick-change  chuck  Instead  of  the 
square  drive  anvil  would  improve  hole  drilling  capabilities. 

2.  UCT  diving  operations  are  sometimes  conducted  using  a  small 
inflatable  boat  (19-foot  length).  For  these  operations,  a  small  single 
tool  power  source  should  be  developed. 

3.  A  smaller  "peanut"  grinder  specifically  designed  for  cleaning 
In  the  webs  of  "H"  pilings  would  be  desirable.  The  rotary  disk  tool  Is 
too  large  for  this  job. 
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Appendix  A 

PRODUCTION  MODEL  ASSEMBLY  DRAWINGS 
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Appendix  B 
DIVERS’  COMMENTS 


GRINDER  CUTTING  TEST  - 


HUMAN  FACTOR  COMMENTS 


Diver:  Tom  Conley  Date:  8  May  1985 

Recorded  by:  R.  Arnold 


Rate  the  following  tool  attributes:  Good  Fair  Poor 


Trigger  mechanism  X 

Comments: 

Trigger  guard  X 

Comments : 

Trigger  comfort  X 

Comments:  Allows  the  diver  to  push  with  one  hand. 

Balance  of  tool  X 

Comments:  No  problems. 

Weight  of  tool  X 

Comments:  Light 

Ease  of  operation  X 


Comments:  Can  stall  it  —  this  is  a  good  feature. 

Stops  fast. 

Location  of  hose 

Comments:  Ball  swivel  would  be  nice.  Hose  can 
bi nd  the  wheel . 

Location  of  exhaust  ports 
Comments:  No  warmth. 

Noise  level  X 

Comments:  Can  hear  when  loading  the  tool. 

Visibility  X 

Comments:  No  cuttings  in  the  way.  Work  area 
is  clear. 

Location  of  handles 

Comments:  Hoop  handle  would  be  better. 

Additional  Coanents:  The  tool  cuts  well  but  slow.  When  face  grinding, 
the  wheel  is  sucked  down  to  the  grinding  surface  so  the  tool  has  to  be 
held  at  a  steep  angle  to  prevent  this  from  happening. 
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GRINDER  CUTTING  TEST  - 


HUMAN  FACTOR  COMMENTS 


Diver:  John  Wright  Date:  8  May  1985 

Recorded  by:  R.  Arnold 


Rat,’  the  following  tool  attributes: 


Good  Fair  Poor 


Trigger  mechanism  X 

Comments:  Comfortable 

Trigger  guard  X 

Comment  s : 

Trigger  comfort  X 

Comments : 

Balance  of  tool  X 

Comments:  Hose  tends  to  throw  the  tool  off 
balance,  otherwise  good. 

Weight  of  tool  X 

Comments: 

Ease  of  operation  X 

Comments:  Binds  up  and  stalls  if  angled  in  a 
cut. 

Location  of  hose  X 


Comments:  Hose  causes  tool  to  be  off  balance. 

Water  exhaust  locator 
Comments:  No  warmth. 

Noise  level  X 

Comments : 

Visibility  X 

Comments : 

Location  of  handles 

Comments:  Do  not  like  to  change  handle. 

Additional  Coimnents:  This  grinder  cuts  the  same  as  other  grinders 
I've  used. 
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GRINDER  CUTTING  TEST  - 


HUMAN  FACTOR  CG»MENTS 


Diver:  CDR  James  Wright  Date:  8  May  1985 

Recorded  by:  R.  Arnold 


Rate  the  following  tool  attributes: 


Good  Fair  Poor 


Trigger  mechani sm  X 

Comments: 

Trigger  guard  X 

Comments:  If  it  were  closer  to  the  trigger  you 
could  use  the  back  of  your  hand  to 
depress  the  trigger. 


Trigger  comfort  X 

Comments: 

Balance  of  tool  X 

Comments:  Heavier  if  using  as  a  cutoff  tool. 

Ease  of  operation  X 

Comments:  Hogged  in  would  be  easier.  Nice  to 
be  able  to  stall  out  without  so  much 
jerkiness. 

Location  of  hose  X 

Comments:  Good  if  tended. 

Water  exhaust  location  X 

Comments : 

Noise  level  X 

Comments: 

Visibility  X 

Comments : 

Location  of  handles  X 

Comments:  Don't  like  to  switch  handle  from  one 
side  to  the  other.  A  wrap-around 
handle  would  be  nice.  Hand  slipped 


after  awhile.  Deeper  knurling  needed. 

Additional  Conaents:  No  suction  problem  if  angled  enough.  Cuts  well. 
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ROTARY  IMPACT  WRENCH/DRILL 


TOOL  ATTRIBUTES: 


Good  Fair  Poor 


Trigger  mechanism  432 

1.  Too  touchy,  hard  to  start  at  lower  gpm. 

2.  Should  be  shortened  so  that  only  one  finger  fits. 

3.  Trigger  is  too  far  away  from  handle. 

4.  Handle  was  bulky,  sharp.  Try  a  slimmer,  rounder  handle  closer  to 
trigger.  Also  would  prefer  a  button-type  trigger  or  shorter  lever. 

5.  Easy  to  use,  but  extends  too  far  down.  Would  rather  keep  fingers 
straight  rather  than  all  on  tool. 

6.  Comfortable,  but  gripping  handle  is  too  big. 

7.  Liked  moveable  handle. 

8.  Handle  should  be  made  rounder  and  easier  to  grip. 

9.  Lever  too  long,  force  good. 

Trigger  operation  5  2 

1.  Trigger  was  easy  to  pull. 

2.  Needs  variable  speeds. 

3.  Smooth,  but  more  control  over  drilling  speed  is  needed. 

Trigger  guard  7  1 

1.  Sufficed. 

2.  Too  big  and  too  far  away  from  trigger.  Only  needs  enough  space  to 
keep  hand  inside. 

3.  Big  enough,  not  in  the  way. 

Balance  of  tool  4  4 

1.  Awkward  getting  into  position  and  moving  around  in  water. 

2.  Bulky,  swivel  is  worthless.  Would  prefer  to  have  hose  come  straight 
out  of  bottom.  Too  unpredictable. 

3.  Remove  90  degree  swivel.  Try  to  go  to  straight  hose. 

4.  Must  keep  hose  directly  under  tool  for  balance. 

Weight  of  tool  441 

1.  Heavy. 

2.  Heavy,  could  be  lightened  up. 

3.  Heavy,  but  a  good  heavy. 

4.  A  little  on  the  heavy  side. 

5.  Too  heavy. 
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ROTARY  IMPACT  WRENCH/DRILL 


TOOL  ATTRIBUTES: 


Good  Fair  Poor 


Ease  of  operation  6  2 

1.  Poor  for  drilling,  good  for  impacting.  Main  handle  too  big;  nuts 
irritate.  Reversing  trigger  too  difficult  (tight).  Try  modeling 
like  IW06. 

2.  Works  wonderfully. 

3.  Other  than  drill  chuck,  worked  well. 

4.  Adjustable  handle  is  good. 

5.  Once  you've  got  it  going,  it's  great. 

6.  As  an  impact  tool,  no  good.  Orill  screws  up  hole  while  impacting 
and  ruins  bit.  The  more  it  impacts,  the  harder  it  is  to  drill  due 
to  "out  of  roundness"  caused  by  impact. 

7.  Tool  is  awkward  because  of  weight. 

Water  exhaust  location  5  1G-/F+  1  Fair 

1.  Direct  it  toward  the  hand. 

2.  Direct  it  toward  the  fingers. 

3.  Keeps  hands  warm. 

4.  Ditto. 

5.  Did  not  even  notice  it. 

6.  Good  for  in-water  use,  lousy  for  in-air  use. 

Noise  level  6  Low  2  Medium  0  High  0  Too  High 

1.  High  while  impacting;  also  noise  while  drilling. 

2.  Excellent  for  an  impact  wrench. 

3.  Wasn't  aware  of  any  -  excellent. 

4.  Good. 

5.  Only  time  it  bothered  me  was  when  using  holesaw. 

Do  you  feel  confident  that  the  rotary  impact  wrench/drill  would  operate 
and  perform  its  intended  tasks  in  future  operations?  If  not,  please 
explain. 

1.  1/2-inch  drill  bit  froze  in  chuck  -  broke  teeth  key  trying  to  free 
bit  using  a  14-inch  pipe  wrench  and  soft  hammer.  NRL  -  Panama  City  - 
same  problem  with  hydraulic  impact  wrench's  Jacob  chuck.  Redesigned 
using  wide-spaced  square  threads.  Marty  Sheehan  was  engineer-in-charge 
of  hydraulic  tools  at  P.C. 

2.  For  Impacting,  yes.  For  drilling,  can't  see  usefulness  at  all. 
Either  use  variable  impact  adjustment  (such  as  on  hydraulic  SK-58)  tool, 
or  use  two  separate  tools. 
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3.  Yes,  1f  you  can  fix  the  problem  of  drill  bit  getting  stuck  in  chuck. 
(I)  did  not  use  the  tool  as  an  impact  mechanism.  Sporadic  impacting  of 
tool  while  drilling  speeded  up  the  task  and  helped  clear  filings  and 
debris  away.  Did  dull  drill  bits  very  quickly:  try  super  titanium. 
Surge  in  water,  but  still  able  to  maintain  position. 

4.  Needs  "controllable"  trigger.  Liked  Impact  wrench;  fast,  good,  but 
heavy.  Problem  (might)  arise  working  in  surf  zone  with  wrench. 
****(Later)  drilled  with  holesaw  -  too  loud  but  good  drill**** 

5.  Concerning  steel:  Drilling  motion  with  anything  over  1/4  inch  is 
not  smooth.  Too  much  percussion  when  any  force  exerted  to  drill  larger 
holes. 

6.  Problems:  Impacts  while  drilling.  Vibrates  alot.  Suggestions: 
Reduce  flowrate.  Put  variable  switch  on  tool:  either  impacts  or 
drills.  Also,  lower  the  rpm.  Drilling  is  too  erratic  and  starts  too 
fast;  therefore  diver  can't  get  even,  continuous  drilling. 

7.  For  wood,  tool  works  well.  No  problem  changing  bits.  Allen  head 
screw  no  good  on  moveable  handle  -  too  hard  to  look  for.  Suggests  a 
wing  nut  screw.  In  wood  drilling,  yes;  in  steel,  doubtful.  Impact  is 
very  good. 

8.  Yes,  with  necessary  changes. 
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SEAWATER  HYDRAULIC  IMPACT 
WRENCH  DRILLING  TEST 


Diver:  Tom  Conley  Date:  22  July  1985 

Recorded  by:  Tony  Lightfoot 


Rate  the  following  tool  attributes: 


Good  Fair  Poor 


Trigger  mechanism  X 

Comments:  Needs  to  be  shortened  so  that  the  hand 
can  be  slipped  off  the  trigger  and 
maintained  in  the  trigger  guard. 

Trigger  guard  X 

Trigger/Handle  comfort 

Comments:  Uncomfortably  fat,  gold  portion  needs 
to  be  reduced  both  ways. 

Balance  of  tool 

Comments:  Good  for  drilling,  unstable  for 
impacting  overhead  or  horizontal. 

Weight  of  tool 

Comments:  Heavy  for  impacting  but  excellent  for 
dri 1 1 ing. 

Ease  of  operation 

Comments:  Reversing  switch  has  poor  operating 
capabi 1 ity. 

Location  of  hose  X 

Comments:  Recommend  a  swivel  device. 

Water  exhaust  ports  X 

Noise  level  X 

Comments:  Loud  but  will  not  affect  ears. 

Visibility  X 

Handle  location 

Comments:  Extra  handle  was  not  used  for  my 
impacting  test.  Recommend  handle 
be  changed  to  a  90  degree  angle  with 
a  wingnut  for  adjustable  purposes. 


X 


X 


X 


X 


X 


Additional  ConMents:  Drill  bits  became  dull  quickly.  Needed  tighter 
sockets  to  reduce  vibration  and  wobbling.  Worked  better  at  high  speeds. 
Tom  drilled  without  the  second  handle. 


SEAWATER  HYDRAULIC  IMPACT 


WRENCH  DRILLING  TEST 


Diver;  Ken  Platt  Date:  22  July  1985 

Recorded  by:  Tony  Lightfoot 


Rate  the  following  tool  attributes; 


Good  Fair  Poor 


Trigger  mechanism  X 

Comments:  Needs  to  be  shortened  about  2  or  3 
fingers. 

Trigger  guard  X 

Trigger/Handle  comfort  X 

Comments:  Too  large,  needs  to  be  reduced. 

Balance  of  tool  X 

Comments;  Hard  to  use  for  Impacting. 

Weight  of  tool  X 

Comments:  Heavy  for  Impacting  but  excellent  for 
dri 1 1 ing. 

Ease  of  operation  X 

Comments;  Reversing  switch  has  poor  operating 
capability,  sometimes  falls  off  and 


also  sticks. 

Location  of  hose  X 

Water  exhaust  ports  X 

Noise  X 

Comments:  Clicking  but  not  overnoisy. 

Visibility  X 

Handle  location  X 


Comments:  Built  in  an  awkward  postion 

Additional  Cooments;  The  second  handle  helped  to  stabilize  drilling 
Immensely.  Having  this  handle  on  (forgotten  for  diver  1  tests)  reduced 
the  drill  bit  wobble,  and  Increased  drilling  speeds  substantially. 
Recommending  having  a  much  tighter  socket  to  drive  connection,  and  a 
wingnut  attached  to  the  second  handle  for  easy  handle  angle  adjustment. 
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BANDSAW  CUTTING  TEST  - 


HUMAN  FACTOR  COftlENTS 


Diver:  Ken  Platt 


Date:  28  Feb  1985 


Rate  the  following  tool  attributes: 


Good  Fair  Poor 


Trigger  mechanism 

Comments:  Hard  to  squeeze  and  tiring. 

Trigger  guard 

Comments:  No  guard  at  this  time.  Could  use  a 
guard  to  keep  tool  from  accidentally 
being  turned  on  when  set  on  the  deck 

X 

Trigger  comfort 

Comments:  Trigger  should  be  longer  so  all  four 
fingers  can  grasp  it. 

X 

Balance  of  tool 

X 

Weight  of  tool 

Comments:  Beneficial  for  cutting. 

X 

Ease  of  operation 

Comments:  Jumps  when  starts  to  cut. 

X 

Location  of  hose 

Comments:  No  problems. 

X 

Water  exhaust  location 

Comments:  Certain  positions  caused  visibility 
problems  but  they  were  easy  to  work 
around.  Warms  hands  and  face. 

X 

Noise  level 

Comments-  Only  hear  humming  sound. 

X 

Visibility 

X 

Location  of  handles 

X 

Comments:  Handles  easily,  very  impressed. 

Handle  did  get  a  little  warm. 

Additional  Connents:  Started  out  with  the  blade  running  in  the  wrong 
direction  and  at  a  slow  speed,  cutting  times  were  not  too  fast.  Tried 
later  with  the  blade  running  in  the  right  direction  and  at  a  faster 
speed,  the  ease  in  cutting  and  cutting  times  improved  markedly. 
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BANDSAW  CUTTING  TEST  - 


HUMAN  FACTOR  COMMENTS 


Diver:  Wayne  Tausig 


Date:  28  Feb  1985 


Rate  the  following  tool  attributes: 


Good  Fair  Poor 


Trigger  mechanism  X 

Comments:  Fatiguing. 

Trigger  guard 

Comments:  Should  have  one. 

Trigger  comfort  X 

Comments:  Be  better  it  if  was  longer  and  wider. 

Balance  of  tool  X 


Weight  of  tool  X 

Comments:  Little  heavy. 

Ease  of  operation  X 

Location  of  hose  X 

Water  exhaust  location  X 

Noise  level  X 

Comments:  Very  quiet. 

Visibility  X 


Comments:  Salt  and  fresh  water  mix  obstructed 
vision.  Won't  happen  when  seawater 
is  used  to  power  the  tool  Instead 
of  fresh  water. 

Location  of  handles  X 

Additional  Comments:  Started  out  cutting  with  the  motor  running  in  the 
wrong  direction  and  at  a  slow  speed,  cutting  times  were  slow.  Later  cut 
with  the  motor  turning  correctly  and  at  a  higher  speed.  Saw  then  cut 
like  "butter".  The  saw  was  a  little  heavy,  and  a  little  large.  The 
blade  got  stuck  (stalled)  a  few  times. 


BANDSAW  CUTTING  TEST  - 


HUMAN  FACTOR  COmENTS 


Diver:  Jim  Butterfield  Date:  28  Feb  1985 


Rate  the  following  tool  attributes:  Good  Fair  Poor 


Trigger  mechanism 

Comments:  Hard  to  squeeze  and  too  short. 

Trigger  guard 

Comments:  Needs  one. 

Trigger  comfort 

Comments:  Tiring  due  to  short  handle  and  spring 
being  to  stiff. 

Balance  of  tool  X 

Weight  of  tool  X 

Comments:  Just  let  the  saw  cut  by  itself.  No 
need  to  apply  force.  Saw  should 
not  be  any  1 ighter. 


Ease  of  operation  X 

Location  of  hose  X 

Water  exhaust  location  X 

Noise  level  X 

Comments:  Not  noticeable. 

Visibility  X 

Location  of  andles  X 


Comments:  Curved  handle  wouldn't  be  of  much  benefit. 

Additional  Comnents: 


X 


X 
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BANDSAW  CUTTING  TEST  - 


HUMAN  FACTOR  COfWENTS 


Diver:  Tom  Conely 


Date:  28  Feb  1985 


Rate  the  following  tool  attributes: 


Good  Fair  Poor 


Trigger  mechanism  X 

Comments:  Too  stiff  and  too  short. 


Trigger  guard 

Comments:  Wouldn't  be  bad  to  have  one.  Would 
have  to  be  large  enough  to  get  your 
hand  out  quickly  in  an  emergency. 


Trigger  comfort  X 

Comments:  Tiring  and  would  be  better  if  all  four 
fingers  could  grasp  it. 

Balance  of  tool  X 

Weight  of  tool  X 

Comments:  Could  be  a  little  heavier. 

Ease  of  operation  X 

Comments:  Let  the  saw  cut  on  its  own.  Had  to 
push  when  cutting  material  in  the 
vertical  position. 

Location  of  hose  X 

Comments:  Didn't  know  it  was  there. 


Water  exhaust  location  X 

Comments:  Good  for  warmth. 

Noise  level  X 

Comments:  Not  noticeable. 

Visibility  X 

Comments:  Able  to  watch  the  piece  being  cut. 

Location  of  handles  X 

Comments:  Loop  type  handle  is  a  possibility. 


Like  to  see  a  larger  diameter  handle 
next  to  trigger. 

Additional  Coaments:  Would  like  to  see  the  blade-guard  cover  the  blade 
during  cutting.  Trigger  no  good.  Changing  the  blade  was  difficult  due 
to  the  30  degree  offset  on  the  blade  guides.  Friction  material  starting 
to  wear  off.  Blade  popped  off  when  cutting  the  SD  List  5  coaxial  cable. 
Blade  also  stalled  a  few  times. 
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DISTRIBUTION  LIST 


CBC  /  Tech  Lib,  Davlsville,  RI;  Tech  Lib,  Gulfport,  MS 

CNA  /  Tech  Lib,  Alexandria,  VA 

COMDT  COGUARD  /  Lib,  Washington,  DC 

CORNELL  UNIV  /  Civil  &  Environ  Engrg,  Ithaca,  NY 

DNA  /  Tech  Svcs  Lib,  Mercury,  NV 

DOE  /  Knolls  Atomic  Power  Lab,  Lib,  Schenectady,  NY 
DTIC  /  Alexandria,  VA 

EASTPORT  INTL,  INC  /  JH  Osborn,  Mgr,  Ventura,  CA 

FLORIDA  ATLANTIC  UNIV  /  Ocean  Engrg  Dept  (McAllister),  Boca  Raton,  FL 
GIDEP  /  OIC,  Corona,  CA 

NAVCOASTSYSCEN  /  Code  2360,  Panama  City,  FL;  Code  715  (J.  Mittleman), 
Panama  City,  FL 

NAVCOMMSTA  /  Lib,  FPO  San  Francisco 
NAVEODTECHCEN  /  Tech  Lib,  Indian  Head,  MD 

NAVFACENGCOM  /  Code  03,  Alexandria,  VA;  Code  03T  (Essoglou) ,  Alexandria, 
VA;  Code  04A,  Alexandria,  VA;  Code  07,  Alexandria,  VA;  Code  07A 
(Herrmann),  Alexandria,  VA;  Code  09M124  (Lib),  Alexandria,  VA 
NAVFACENGCOM  CHESDIV  /  FPO-IPL,  Washington,  DC 
NAVFACENGCOM  LANTDIV  /  Lib,  Norfolk,  VA 
NAVFACENGCOM  SOUTHDIV  /  Lib,  Charleston,  SC 

NAVOCEANSYSCEN  /  Code  94,  San  Diego,  CA;  DET,  Tech  Lib,  Kailua,  HI 
NAVPGSCOL  /  Code  68  (C.S.  Wu) ,  Monterey,  CA;  Code  68WY  (Wyland), 
Monterey,  CA;  Code  69  (T.  Sarpkaya) ,  Monterey,  CA;  E.  Thornton, 
Monterey,  CA 

NTIS  /  Lehmann,  Springfield,  VA 
OFFICE  OF  SEC  OF  DEFENSE  /  DDR&E,  Washington,  DC 
OKLAHOMA  STATE  UNIV  /  Ext  Dist  Offc,  Tech  Transfer  Cen,  Ada.  OK 
PENNSYLVANIA  STATE  UNIV  /  Rsch  Lab,  State  College,  PA 
PWC  /  Code  123C,  San  Diegc ,  CA;  Code  134  Lib,  Pearl  Harbor,  HI;  Lib, 
Norfolk,  VA;  Lib,  Pensacola,  FL 
SCRIPPS  INST  OF  OCEANOGRAPHY  /  Lib,  LaJoIla,  CA 
TEXAS  A&M  UNIV  /  CE  Dept  (Machemehl),  College  Station,  TX 
UCT  ONE  /  CO,  Norfolk,  VA 
UCT  TWO  /  CO,  Norfolk,  VA 

UNITED  KINGDOM  /  Inst  of  Oceanographic  Sci,  Wormely,  Godaiming,  Surrey 

UNIV  OF  ALASKA  /  Blomed  &  Marine  Sci  Lib,  Fairbanks,  AK 

UNIV  OF  CALIFORNIA  /  CE  Dept  (Gerwick),  Berkeley,  CA 

UNIV  OF  HARTFORD  /  CE  Dept  (Keshawarz),  West  Hartford,  CT 

UNIV  OF  ILLINOIS  /  Arch  Scol  (Kim),  Champaign,  IL 

UNIV  OF  MISSOURI  /  Military  Sci  Dept,  Rolla,  MO 

UNIV  OF  NEW  MEXICO  /  NMERI  (Falk),  Albuquerque,  NM 

UNIV  OF  TEXAS  /  Fusion  Studies  Inst  (Kotschenreuther) ,  Austin,  TX 
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DISTRIBUTION  QUESTIONNAIRE 

TIm  Naval  CMI  Engineering  Laboratory  la  ravlalng  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  SHORE  FAOUTIES 

1A  Construction  methods  and  materials  (Including  corrosion 
control,  costings) 

IB  Waterfront  structures  (madntenance/deterioration  control) 
1C  Utntbs  (including  power  conditioning) 

ID  Explosives  safety 
1 E  Aviation  Engineming  Test  FacMIes 
IF  Fire  prevention  and  control 
1G  Antenna  technology 

1H  Structural  analysis  and  design  (including  numerical  and 
computer  tedmiques) 

1 J  Protective  construction  (including  hardened  shelters,  shock 
and  vibration  studies) 

IK  Soil/lrock  mechanics 
1L  Airfields  and  pavements 
1M  Physical  security 

2  ADVANCED  BASE  AND  AMPHIBiOUB  PAaLRIES 

2A  Basefaciiities(lncludingshetters,  power  generation,  water 
supplies) 

2B  Expedient  iCculs/airfields/bridgea 
2C  Over-the-beach  operations  (Including  breakwaters,  wave 
forces) 

2D  POL  storage,  transfer,  and  distribution 
2E  Polar  engineering 

3  ENERQY/POWER  GENERATION 

3A  Thermal  conservaticn  (thermal  engineering  of  buildings, 
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